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ABSTRACT 
 
The Greater Bilby (Macrotis lagotis) was once one of Australia’s most widespread marsupials 
covering seventy percent of the continent before white settlement. It is seldom seen now and 
is classed as Vulnerable under Federal legislation and Endangered under various State Acts. 
Unfortunately, its fate is similar to the fate of many other small body-weight marsupials that 
have become extinct or are in serious decline in Australia. Their collective contribution to the 
biodiversity of Australia’s ecosystems remains poorly understood and appreciated despite the 
level of resources committed to exploiting their habitat for human benefit.  The causes of their 
decline are well understood but not remediated. Rather than address these causes to ensure the 
species survival and recover biodiversity, the national and state policy response has been to 
rely on enclosed and captive populations for the survival of the species. 
 
In this study, the microhabitat features used by a population of bilbies in the Bilby Enclosure 
at Currawinya National Park were studied by GPS tracking and aerial photography to develop 
detailed knowledge about the bilbies habitat requirements in order to construct a habitat 
suitability model. The bilbies in the enclosure live in a semi-wild environment being protected 
from predators by a predator proof fence. There is no other human intervention. Aerial 
photographs, taken in 2003 and prior to the release of the fist bilbies (2005), were classified 
into five landcover classes. Soil tests were taken throughout the enclosure and these formed 
the basis for mapping its soil types. Signs of tracks made by the bilbies such as their burrow 
entrances, foot prints, feed scrapes and scats were recorded by relative GPS. This information 
was used in a GIS to extract activity frequencies for each landcover class and soil type. The 
frequencies were used in a weighted sum overlay model in Arc GIS to predict the suitability 
of habitat in the enclosure with 84% accuracy for burrowing sites and 80.5% accuracy for 
feeding sites. Burrowing and feeding habitat priority areas were combined for the whole 
enclosure to produce an overall estimate of the amount of suitable habitat in the enclosure for 
bilbies. 
 
The results provide a quantitative measure of the amount of bilby activity in each soil type 
and landcover class. They also show that the amount of microhabitat suitable for bilby activity 
is only a small percentage (about 5%) of the total area available to them. The areas utilised by 
the bilbies were widespread throughout the enclosure. These measures of microhabitat 
suitability provide a basis for comparing other actual or potential bilby habitats for use as 
future bilby release sites. 
 
The reliability of the results is limited by the use of only two predictor layers, the small 
number of burrows in the model sample (6) and the use of aerial imagery that did not have an 
infra-red sensory band. It is strengthened by the use of accurate empirical landcover and soil 
type distribution data. Future work to correct the shortcomings in the model is recommended. 
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CHAPTER ONE 
 
INTRODUCTION 
1.1. Introduction  
The Greater Bilby (Macrotis lagotis)  is a small cryptic nocturnal fossorial marsupial in the 
Peramelidae Family (Southgate &  Possingham 1995) (Figure 1.1). They were once numerous 
and widespread throughout arid and semi-arid Australia ranging from Victoria to the Northern 
Territory. Their numbers have decreased dramatically since European settlement (Southgate 
1990a). Small populations still exist in the wild in the Northern territory and in Western 
Australia (Southgate 1990a), in Astrebla Downs National Park in south-west Queensland 
(Gordon, Hall &  Atherton 1990; McRae 2004) and on Davenport Downs Station (McRae, 
pers. comm. 2009). Populations are maintained in protected areas at Thistle Island and 
Yookamurra Sanctuary  in South Australia (Moseby &  Donnell 2003), at Scotia Sanctuary in 
New South Wales (Finlayson, Vieira, Priddel et al. 2008)  and at Currawinya National Park in 
south-west Queensland (Mayhew 2006). 
  
Figure 1.1 Greater Bilby (Macrotis lagotis) (© QEPA) 
 
The pattern of decline in the population of the bilby is similar to the pattern of decline in other 
small marsupials such as Gilbert’s Potaroo (Potorous gilbertii), Northern Betong (Bettonga 
tropica), Southern Brown Bandicoot (Isodon obesulus obesulus), Bridled Nail Tail Wallaby 
(Onychogalea fraenata), Sandhill Dunnart (Sminthopsis psammophila) , Wopilkara 
(Leporillus conditor) and a host of other marsupials that are Critically Endangered, 
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Endangered or Vulnerable (Commonwealth of Australia 1999). The decline in the range of all 
of these species has been caused by European development influences such as the change in 
fire regimes, development of artificial watering points, and the introduction of predators and 
cloved herbivores (Gordon, Hall &  Atherton 1990). Bilby populations have been especially 
decimated by predation from red foxes (Vulpes vulpes) and cats (Felis catus) and by past 
government bounty policies for vermin eradication (Hrdina 1997). 
 
It is important that threatened species survive because of their intrinsic worth as a life form, 
because they enrich the human experience and because they can materially contribute to 
ecosystem restoration. Their survival requires that we understand the threats to their habitat so 
that we can prevent the threats from occurring and that we understand the environmental 
resources each species needs to complete its life cycle. Survival can not be ensured by small 
enclosed remnant populations alone (Frankham 2005). 
 
The decline in the Bilby population and the populations of other arid and semi-arid zone 
marsupials is one of many indicators of decline in rangeland sustainability (Australian State 
of the Environment Committee (ASEC) 2001). The National Strategy for Ecologically 
Sustainable Development (D E H 1992) commits all Australian Governments:  to protect 
biological diversity and maintain essential ecological processes  and life support systems. 
 
The direct threats to biological diversity have been summarized as grazing (Landsberg, James, 
Morton et al. 1997), increase in watering points (NLWRA 2001; Russell, Tucker, Pittcock et 
al. 2001), exotic species (Landsberg et al. 1997), changed fire regimes (Allan 2002; 
Woinarski, Fensham, Whitehead et al. 2000, pp. B1-85-88), changed nutrient cycles 
(Woinarski et al. 2000, pp. B1-63-64), predators (Southgate &  Paltridge 1998) and 
government vermin eradication programs (Hrdina 1997). The policy consensus about the 
cause and effect of ecosystem decline disappears at the site specific level. Land use changes 
(development) are often accompanied by conflict and/or by a subsequent decrease in 
ecosystem function. 
 
The location for the Bilby Enclosure (BE) at CNP was selected because it was in an area that 
was typical of the area originally occupied by bilbies in the Queensland Mulga Lands 
Bioregion (McRae 2004). Their reintroduction in the BE provided an opportunity for detailed 
study to investigate how they used the environmental resources available to them for growing, 
  3 
developing and reproducing. This study focused on their requirements for refuges and food 
sources as two steps critical for their survival. 
 
Geographic Information Systems (GIS) provide a means by which the spatial relationships of 
combinations of ecosystem elements and actual or proposed changes to the environment can 
be explored to objectively determine their impact on ecosystem functionality. This is a 
necessary precursor to assess the impact of proposed land use changes, and to restore 
ecosystem functionality. GIS requires accurate thematic and spatial data. Survey records 
provide a valuable source of historical information such as property boundaries, geographical 
features and land use. Remotely sensed imagery (RSI) is another source of information from 
which time series data about past and present land uses can be extracted on a local, regional, 
and national basis. Current empirical information is necessary to supplement and ground truth 
historical information about resources used by the bilbies. GIS and RSI approaches were 
selected for this study because they provided a cost effective procedure to investigate and 
analyse relationships between the bilbies and the natural resources in their habitat and to 
classify and map large areas in detail. The GIS approach also offers the opportunity to analyse 
potential ecosystem impacts before changes occur and to plan changes to restore ecosystem 
functionality.  
 
1.2. Problem 
The habitat requirements for bilbies are poorly understood and have not been quantitatively 
defined in terms of environmental and spatial variables. This information is needed to ensure 
bilby survival. The suitability and extent of current bilby habitats cannot be assessed and new 
areas for recolonisation cannot be evaluated without this information. 
 
As generalist and opportunistic feeders, bilbies exploit many parts of their environment. This 
has led to reports of a range of habitats as being potentially suitable to them. However, the 
critical parts of these habitats on which they depend for survival have only been generally 
identified and have not been quantified in terms of landcover, soil type, vegetation and spatial 
arrangement. Such information is necessary to assess and manage the suitability of existing 
habitats, to determine the impact of human development activities on existing relic 
populations, to devise strategies to mitigate adverse impacts of future development activities 
and to plan for the impact of climate change on the species. 
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Habitat information available from the published literature was collected over different times, 
under different weather conditions, from different locations and is not spatially referenced. It 
is unsuitable for use for extracting the environmental variables on which bilbies depend for 
survival. Precise spatial information is needed that relates habitat predictor variables to bilby 
activities in order to assess the quality of bilby habitats. This information should be in a form 
that can be used to screen and evaluate large geographical areas because bilby habitats are 
potentially very widespread. This research was designed to obtain this information for bilbies 
that live in the Mulga Lands Bioregion and to test its validity by using it to develop a bilby 
habitat model.  
 
1.3. Aim and Objectives 
The aim of this research was to develop a model to predict bilby habitat in the Bilby 
Enclosure at Currawinya National Park. To achieve this, the research had the following 
objectives: 
a) To determine the environmental features that the bilbies depend on for burrowing and 
feeding, 
b) To determine the spatial association between the bilbies and their habitat 
requirements,  
c) To determine the spatial association between bilby activities in their selected 
environment, and 
d) To predict habitat priority for burrowing and feeding, both individually and in 
combination with each other. 
 
1.4. Research Limitations 
This research has many limitations of which the reader should be mindful when considering 
the findings. Firstly, the results are specific to the BE at CNP.  Although this is situated 
centrally within the Mulga Lands Bioregion there is only a very small area of Mulga (Acacia 
aneura) in the BE. The predominant vegetation type is Shrubland (Eremophila sturtii and 
Dodonaea viscosa). In this respect it is typical of large areas of CNP. Secondly, landcover 
classification is based on six aerial photographs. While they have very good spatial resolution, 
their spectral resolution is limited by the proprietary Bayer filter and RGB interpolation 
methods used by the aerial photography camera (Hasselblad) used by aerial photography 
contractor (Jacobs 2003). 
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The absence of a Near Infra Red (NIR) and Infra Red (IR) band limited the options available 
for automated classification of both soil and vegetation. For example, it was possible for the 
human eye to distinguish between Black Box (Eucalyptus largiflorens) and Mulga (Acacia 
aneura) in the imagery but the DN histograms for these species overlapped each other closely. 
This precluded Supervised Classification with ERDAS Imagine software of the two species as 
separate landcover classes.  
 
Tracking of bilbies was limited to finding physical signs of their presence such as scrapes, 
scats, footprints and burrows during one ten day field tip. Radio tracking location of occupied 
burrows was limited to historical data collected when the bilbies were introduced to the 
enclosure in 2005 and 2006. 
 
There were no pre-existing soils maps of the study area that provided sufficient detail to be 
useful for this research. The soil sampling data did not include nutrient data or soil density 
data. The soils map was created by heads-up digitising without the benefit of input from a 
Digital Elevation Model (DEM). The most recent DEM which covered this area was the 
Cooper Basin DEM. It yielded contours that were sometimes inconsistent with observable 
ground features. Time and resources did not permit resolution of these inconsistencies.  
 
Finally, time constraints limited the amount of analysis that it was possible to complete. With 
the benefit of hindsight, a number of these limitations might have been foreseen and 
overcome with more experience and better planning. 
 
1.5. Conclusion 
The Greater Bilby once occurred over 70% of Australia but its population has declined to a 
level at which it is now classified as Vulnerable under the EPBCA (C’wlth) 1999. The factors 
causing its decline have also caused the decline and extinction of many other marsupials. 
Development of a successful GIS and RIS procedure to model bilby habitat could assist in 
quantifying its environmental requirements, locating suitable new habitats for recolonisation 
and in managing threatening processes. Demonstration of this procedure for the bilby could 
lead to similar procedures for other small body-weight threatened marsupials. 
 
Modelling the bilbies habitat required quantifying many undefined environmental variables. 
This is the subject of the next Chapter. Existing knowledge about bilby habitat is reviewed, 
followed by an identification of the type of data required by different habitat models.  This 
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analysis helped to identify the types of data that needed to be collected in order to model bilby 
habitat. 
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CHAPTER TWO 
 
LITERATURE REVIEW 
The endangered status of the Greater Bilby was referred to in the previous Section. Despite 
being a generalist omnivore capable of inhabiting a wide range of habitats it has proven to be 
very vulnerable to predation and human disturbance (Pavey 2006, pp. 27-32). Conservation of 
bilbies requires greater information about their specific habitat requirements to develop 
improved management, recovery and conservation techniques. 
 
Information about the natural resources of the BE is reviewed in this section. This is followed 
by a review of the status of knowledge about environmental factors selected by bilbies for 
burrowing, reproduction and feeding in wild and captive habitats throughout Australia. 
Cartographic habitat modelling techniques are reviewed with an emphasis on multi criteria 
evaluation models using GIS techniques applied to small animal habitats. No remote sensing 
and GIS habitat studies on Greater Bilbies appear to have been previously reported. 
 
2.1. The Bilby Enclosure 
The Bilby Enclosure (BE) is an approximately 3,000 ha area located centrally in Currawinya 
National Park (CNP) from which all feral animals have been excluded by means of a specially 
designed predator proof fence (Figure 2.1). 
 
Figure 2.1 Bilby Enclosure fence. (Photo after Renn 2003) 
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The fence is constructed of two meter high heavy-duty wire netting fitted with an outwardly 
recurved floppy wire top. This prevents predators from climbing over the fence. The wire 
netting extends into the ground at right angles in both directions to prevent animals from 
burrowing into or out of the enclosure. The outside of the fence is fitted with a dual circuit 
high voltage solar powered electrical grid as an extra defense against predators. The power 
status of the electrical grid is relayed to the Park headquarters where it is continuously 
monitored by computer. An audible alarm is triggered if the voltage falls below a preset 
threshold. The enclosure can be entered through two especially designed predator proof gates 
(Mayhew 2006, pp. 8 ; Dan McKellar, 2-IC Southern Mulga Management Unit, pers comm.) 
 
The idea of creating a dedicated protected bilby enclosure was the brainchild of Frank 
Manthey and Peter McRae, two employees of the Queensland Environmental Protection 
Agency. They remain the driving force behind the Save the Bilby Fund, the organisation that 
raised the money and organised the volunteers who built the fence. It was officially opened on 
Easter Sunday 2001 by Dean Wells, the then Qld. Minister for the Environment (Renn 2003). 
The first bilbies, consisting of three males and five females, were released in the enclosure in 
December 2005 (Mayhew 2006, p. 36). 
 
2.1.1. Landform and Climate 
CNP is in the Mulga Lands Bioregion, which is within the Australian semi-arid zone.  The 
landform of the Park has developed from the geological sequences of conformal successions 
of Jurassic, Cretaceous and Tertiary sediments (Ladewig 1974). These deposits have been 
obscured by subsequent Tertiary lateritic  developments and Quaternary deposits have 
obscured the original sediments to produce a generally rolling terrain alternating between low 
water catchment areas and higher dunal ridges (Figure 2.2) 
 
Figure 2.2 Park Landform (Photo B Ford) 
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Annual precipitation is approximately 300mm with slight summer dominance (Figure 2.3). 
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Figure 2.3 Monthly rainfall for Eulo1 (1886-1997) (BOM 2009) 
Daily and seasonal temperatures are very variable being particularly high during the summer 
months and very cool in the winter evenings (Figure 2.4). 
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Figure 2.4 Monthly temperatures for Eulo (1886-1997) (BOM 2009) 
The area also receives a high level of solar radiation as shown in Figure 2.5. 
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Figure 2.5 Mean daily solar radiation for Eulo (1886-1997) (BOM 2009) 
 
                                                 
1
 Eulo is the closest BOM recording station to CNP being about 90 km north north-east of CNP. 
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2.1.2. Soils 
The Western Arid Lands Resource Use Study (WALRUS) is the major source of information 
on soils of the region (Ladewig 1974). None of the soil sample sites for the WALRUS were 
within the area enclosed by the BE. The pedology of the CNP is dominated by Red, Brown 
and Grey Clays, Red Earths, Sandy Red Earths, Earthy Sands and Siliceous Sands2.  
 
The effect of topography on water distribution and its effect on soil and vegetation is 
particularly evident in the BE where the clay pans retain occasional runoff and the vegetation 
pattern radiates outwards and upwards from the clay pans to the crest of the dunes. Timms 
(1997) described clay pans at CNP as being composed of three different soil types as shown 
in Table 2.1. 
 
Table 2.1. Clay Pan Soil Types (after Timms 1997) 
Soil Code Soil Type Description 
 
HRB Hard red brown Hard red brown surface; sometimes with 
small, powdery areas towards edges of 
clay pan 
GBCC Grey-brown 
cracking clay 
Powdery, deeply cracked grey-brown 
cracking clay; surface often characterised 
by Gilgai depressions 
HLB Hard light 
brown clay 
Hard light brown surface; may be cracked 
on surface; ranges from grey-brown to red-
brown. 
 
These characteristics are present in the clay pans of the BE that were described by Silcock 
(2005). She grouped the clay pans according to their depth (Table 2.2)  
 
Table 2.2. Clay Pan Depth (after Silcock 2005, p. 38) 
Depth Characteristics 
 
Shallow Only very shallow depression; <30cm lower than the 
surrounding ground; often not fully excavated to reveal 
underlying clay 
Moderate Marked deflation from the surrounding land surface- may 
consist of some deeper areas with an otherwise relatively 
shallow clay pan 
Deep Clay pan well excavated down to the clay layer, often steep 
sided 
 
 
                                                 
2
 The Northcote System (Northcote 1979) of  soil classification comprising Soil Mapping Units (SMU) within 
Greater Soil Groups (GSG) is used in the discussion of the historical mapping of soils in the region because it 
was the soil classification system used at the time those studies were done. 
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Soils of the Shrubland zone were categorised by Silcock (2005, pp. 44-46) according to 
categories developed by Tongway &  Hindley (2004) that used colour, surface nature, 
cryptogram cover and field texture for categorising Landscape Function Analysis. These are 
summarised in Table 2.3. 
 
Table 2.3. Soil Description (after Silcock 2005) 
Colour Surface Nature Cryptograms A1 Texture 
 
Light brown Loose and sandy No crust Silty clay to heavy 
clay 
Light brown-
red 
Surface crust 
easily broken 
Crust makes no 
contribution 
Sandy clay loam to 
sandy clay 
Red-brown Surface crust 
moderately hard 
Slight 
contribution 
Sandy loam to silty 
loam 
Grey-brown Surface crust very 
hard 
Moderate 
contribution 
Sandy to clayey sand 
 Surface non-
brittle 
Extensive 
contribution 
 
 
CNP soils in the general area of the BE were mapped as Sandy Red Earths and Earthy Sands 
and Siliceous Sands in the WALRUS Study (Ladewig 1974 Soils Map). 
 
The available information provides a fragmented picture of the soils of the BE and what 
information is available is not based on the Australian Soil Classification System (Isbell 
1996). An up to date classification of the soils that is consistent across the whole of the BE is 
needed for reliable and repeatable bilby habitat studies. 
 
2.1.3. Vegetation 
WALRUS mapped the vegetation of CNP in the area of the BE as Mulga Association3 
(Ladewig 1974, Major Vegetation Groups Map). This was on a 1:1,000,000 scale. The 
Queensland Herbarium (2008) mapped the remnant vegetation of the BE as shown in Figure 
2.6. This was based on a 1:100,000 scale with a positional accuracy of 100 meters. The 
Remnant Ecosystem (RE) codes used in Figure 2.6 are described in Table 2.4. 
                                                 
3
 Major Vegetation Group 
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Figure 2.6 Regional Ecosystems of the Bilby Enclosure 
 
 
 
Analysis of the Remnant Ecosystem data (Queensland Herbarium 2008) identifies 5.2% of the 
area as claypan, 1.8% as Mulga (Acacia aneura) dominant and  92%  as dominated by 
Whitewood (Atalaya hemiglauca), Mulga (Acacia aneura) and Desert Bloodwood (Corymbia 
terminalis). Mayhew presented a vegetation map (2006, pp. 11, Fig 2.7) that is different from 
the Queensland Herbarium’s Remnant Ecosystem map (Fig 2.6)4. On the basis of her map she 
reported 14.3% of the area covered by claypans, 4.4% covered by Mulga dominant vegetation 
and 81.3% covered by shrubland dominated by Eremophila sturtii and Dodonaea viscosa. 
 
 
 
 
                                                 
4
 No original data source cited 
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Table 2.4. Remnant Ecosystem Codes used in Figure 2.6 and Distribution of Areas 
(Queensland Herbarium 2008) 
Area R E 
Code 
Short Description Notes 
 Ha % 
6.3.8 Eucalyptus largiflorens 
± Acacia cambagei 
woodland on alluvium 
Confined largely to the lower Paroo 
River, with smaller areas extending 
from the Brigalow Belt Bioregion 
into subregion 1. Occurs in small 
areas on the lower Paroo River. 
147 5.2% 
6.5.15 Acacia aneura, 
Eucalyptus populnea ± 
Eremophila sturtii tall 
open shrubland on sand 
plains 
Highly modified structural and 
floristic composition. 
52 1.8% 
6.3.11 Eleocharis pallens ± 
short grasses ± 
Eragrostis australasica 
on open herbland clays, 
associated with 
ephemeral lakes, 
billabongs and 
permanent waterholes 
Generally filled by local run-off or 
from ground water with turbid, fresh 
water. Often only stay inundated for a 
few weeks or months but they often 
support a rich and characteristic 
vertebrate fauna 
 
Sub 
dom 
Sub 
dom 
6.6.1 Atalaya hemiglauca ± 
Acacia aneura ± Acacia 
spp. ± Corymbia 
terminalis tall open 
shrubland on low dunes 
over alluvium 
Clay pans supporting a range of 
vegetation communities (6.3.11) 
frequently occur in low-lying areas 
associated with this regional 
ecosystem. 
2,622 91.9% 
Non-
rem. 
Not applicable No vegetation or disturbed vegetation 32 1.1% 
 
 
 
Silcock categorised the clay pan features in the BE into 4 groups based on their vegetation as 
shown in Table 2.5.The vegetation fringing the clay pans was also grouped into four 
categories by Silcock (2005, p. 39) (Table 2.6). Melaleuca densispicata shrubs occur in a 
distinctive pattern throughout the BE that is related to the clay pans (Silcock 2005).The soil 
characteristics associated with M. densispicata were not reported in a standard format. This 
prevented comparison with other soils data.  
Table 2.5. Clay Pan Vegetation  
Rank Vegetation Description 
0 Bare 
1 Sparse, scattered Chenopods on small vegetated ‘islands’ 
2 Moderately well vegetated, abundant Chenopods and cane 
grass clumps 
3 Well vegetated; only occasionally bare areas 
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Table 2.6. Fringing Vegetation Categories 
Group Description 
SC Shrubby community dominated by Eremophila sturtii and 
Dodonaea viscosa; no Eucalyptus largiflorens present around 
the clay pan 
BB1 Scattered E. largiflorens amongst the surrounding shrubby 
community 
BB2 Reasonably consistent but not wide E. largiflorens fringing 
community 
BB3 Dense and wide E. largiflorens woodland around the entire 
clay pan margin 
 
An updated map based on a consistent classification of the vegetation of the enclosure 
(including ground truthing) is needed for reliable and repeatable habitat studies.  
 
2.2. Status of the Greater Bilby 
2.2.1. Taxonomy 
The Greater Bilby (Macrotis lagotis) belongs to the Subfamily Thylacomyinae in the Family 
Peramelidae. It is the only remaining species of the five Thylacomyinaes that once inhabited 
inland Australia (Southgate 1990a). Their chronological decline since 1836 is shown in 
Figures 2.7 and 2.8. 
 
 This decline has lead to panmixic populations becoming genetically isolated except for 
possible human intervention.  Moritz, Heideman, Geffen et al. (1997, p. 925) found that the 
genetic difference between Queensland (Qld) and Northern Territory (NT) bilbies was greater 
than the difference between NT bilbies and Western Australian (WA) bilbies. However, they 
concluded that all Greater Bilbies were a single Evolutionary Unit consisting of multiple 
Management Units. They also found that Qld bilby colonies were more related within a 
colony than between colonies possibly due to strong polygyny. 
 
2.2.2. Threatened Status 
Numerous anthropogenic changes have caused the bilby to be declared Vulnerable under the 
EPBCA (C’wlth) 1999, the most severe of which is predation (Pavey 2006). Red foxes 
(Vulpes vulpes), wild cats (Catus felis) and dingoes (Canis lupus) and feral dogs (C. lupus 
familiaris) are the main predators. Predation by dingoes on other predators (cats and foxes)  
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Figure 2.7 Decline in Greater Bilby Distribution between 1836 and 1970 
(Southgate 1990a) 
 
Figure 2.8 Decline in Greater Bilby Distribution between 1970 and 1984 
(Southgate 1990a) 
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may protect bilbies (McRae 2004; Southgate &  Paltridge 1998, p. 134). The role of habitat 
quality in helping bilbies being able to withstand predation pressure is unknown. 
 
It is unresolved whether introduced herbivores directly compete with bilbies. Southgate 
(1987) and Tunbridge (1991) as cited by (Pavey 2006, p. 26) cite anecdotal evidence  
suggesting bilby populations declined following the introduction of rabbits. However, Pavey 
(2006, p. 29) cites reports of bilby populations continuing to increase and disperse at Peron 
Peninsula (WA) and Venus Bay Conservation Park (SA) both of which have significant rabbit 
populations. Mayhew (2006, p. 8) reported the continued presence of rabbits in the BE at 
CNP.    
 
Cattle grazing may destroy bilby habitat through physical damage to burrows in areas of 
friable soils (Morton &  Newsome 1994) as reported by (Pavey 2006, p. 30). However, bilbies 
continued to survive in conjunction with controlled  cattle numbers in  open tussock 
grasslands (Mitchell grass (Astrebla pectinata) and Feather Top Wire Grass (Aristida 
latifolia)) on Davenport Downs station (Lavery &  Kirkpatrick (1997, p. 280). The key factors 
of soil type and cattle density are unreported in these conflicting reports. Inland development 
for  resource extraction and transportation also continues to destroy bilby habitat (Pavey 2006, 
p. 32). 
 
The current status of wild bilby populations is not known with any certainty.  In addition to 
being vulnerable under EPBCA (C’wlth) 1999 they are also listed as Vulnerable in WA and 
as Endangered in the NT and Qld (Pavey 2006). 
 
2.2.3. Habitat Status 
The location and habitats of bilbies have been actively reported over the last 30 years. Caution 
should be had to the date of these reports when assessing the habitats currently occupied by 
bilbies because of changes in their geographical distribution over the reporting periods.  The 
information comes from classical on-the-ground field ecological surveys (Southgate 1990b) 
assisted by radio tracking of tagged bilbies and a small amount of aerial observation of bilby 
burrows (McRae 2004, p. 87).  
 
An exhaustive study by Southgate (Southgate 1990a) documented the historical temporal 
change in bilby distribution (Figures 2.7 and 2.8). There was a large decline in geographical 
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distribution between the early 1880s and 1935 (Fig 2.7) and a further large decline from 1935 
to 1984 (comparison of Figs 2.7 and 2.8). Suitable soils for their burrowing are reported to be 
widespread outside their 1984 range. The lack of suitable soil was not considered to be a 
limitation to their distribution (Southgate 1990b, p. 299). Most of the area occupied by bilbies 
in 1984 was land ungrazed by sheep. Rabbits and foxes were more abundant where there were 
no bilbies. By 1990, bilbies had become restricted to areas of the Gibson Desert, Hammersley 
Range, eastern Pilbara, Great Sandy Desert and the Kimberley in WA. In the NT they were 
present across the southern end of the Tanami Desert, on pastoral leases north of Alice 
Springs and in non-pastoral areas near Tennant Creek. In Queensland, they were present in 
the Diamantina River basin between Birdsville and Boulia. Bilbies were reported as being 
“fairly uniformly distributed through its  range although more abundant in certain habitats” 
(Southgate 1990b, p. 299). Large seasonal fluctuations were recorded both in the Tanami 
Desert and south-west Queensland populations. 
 
Both habitat competition (for food resources) by rabbits and predation by foxes that 
accompany the rabbit population were considered as causes of decline until 1990. Southgate 
(1990b) suggested that “ rabbits (and foxes) are the climate related resource limiting the 
southern distribution” of the bilby. However, rabbits and foxes were not present in the 
northern part of their range and this reasoning doesn’t explain their recent northern range 
decline. Two changes, increased stocking rates (cattle) and changed firing practices 
(Southgate 1990b, p. 301citing Newsome (1971) and Johnson 1985) have been suggested as 
causes for the contraction in the range of the northern bilby population. 
 
Since the 1990s the range of the wild bilby populations has continued to contract. There now 
are fragmented colonies in the Tanami Desert of the NT (Paltridge &  Southgate 2001, p. 248) 
and in the Gibson and Great Sandy Deserts of WA (Australian State of the Environment 
Committee (ASEC) 2001). In these areas the soils are primarily siliceous sandy earths 
(Southgate 1990b, p. 297) and the vegetation primarily consists of low scattered shrubs of 
Acacia, Eucalypt and Grevillea species with a Triodia species understory. Palaeodrainage 
lines were favoured areas for burrows in the Tanami Desert (Paltridge &  Southgate 2001, pp. 
254-255). MacRae (2004, pp. 110-112) has summarised and revised the historical distribution 
of bilbies in Queensland as shown in Figure 2.9. 
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Figure 2.9 Revised Historical Distribution of Bilbies in Queensland  
(after McRae 2004, p. 112) 
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The status of their decline in Queensland is summarised in Table 2.7 
 
Table 2.7. Percentage decline in the Range of Macrotis lagotis from the 1836  
estimates by Southgate (1990a). (after McRae 2004, p. 111) 
Year Method Distribution 
Area (km2) 
Percent 
Decline 
Source 
1836 BIOCLIM 1.165,000 na (Southgate 1990a) 
1836 Estimated 641,600 Base measure (Southgate 1990a) 
1936 Estimated 156,500 75.6 (Southgate 1990a) 
1936 Estimated 588,700 8 (McRae 2004) 
1970 Estimated 108,900 83.1 (Southgate 1990a) 
1984 Estimated 35,356 94.5 (Southgate 1990a) 
1994 Survey 11,390 98.1 (McRae 2004) 
1999 Survey 1,679 99.7 (McRae 2004) 
 
Aerial surveys of the burrows of wild bilby populations on Astrebla Downs National Park and 
Diamantina Downs National Park in 1994 and 1999 documented their continued decline. 
McRae (2004, pp. 89-90) found that these wild populations burrowed in both clay plains and 
stony plains. In the clay plains, burrows were preferentially located on ridges in ashy plains. It 
was surmised that these provided a more stable burrow structure than the self-mulching soils 
at lower elevations. In the stony plains, most of the burrows occurred in the gravel plain area 
where the stones were smaller. 
 
2.3. Biology 
2.3.1. Diet and Nutrition 
Bilbies consume different foods opportunistically. In the Tanami Desert, bilbies preferred 
seeds of Yakirra australiense followed by bulbs of the sedge Cyperus bulbosus and termites 
and beetles (Southgate &  Carthew 2006, p. 507). The relative importance of these food 
sources for the bilbies varied by season and location. Bilbies at Astrebla Downs NP were 
found to prefer Dactylotenium radulans seeds followed by termites and ants (Gibson 2001). 
Food preferences varied with the season and Gibson (2001) considered bilbies to be 
“qualitatively opportunistic” as well as “dietary generalists”.  
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Bilbies, unlike other bandicoots, do not have a colonic mechanism for separating fibrous food 
material from non-fibrous material. They have a low basal metabolic rate and they selectively 
feed on food stuffs that are low in fibre (Gibson, Hume &  McRae 2002, p. 843). They are 
also able to recycle 44% - 80% of the urea synthesized in their liver. Their low water and 
maintenance nitrogen requirements assist them to survive in areas where water and food 
supply and quality are unpredictable (Gibson 2001). 
 
2.3.2. Reproduction 
Bilbies have a different reproductive and breeding system from other bandicoots (McCracken 
1990). Their karyotype contains 16 autosomes and an XX/XY1Y2 chromosomal system. 
Parturition is the same as in other bandicoots via a pseudovaginal passage between the lateral 
vaginae. Their pouch opens ventrocaudally (rearwards) and has eight teats in two crescent 
shaped rows. While they are capable of breeding at all times of the year, breeding in the wild 
appears to be related to the environmental conditions. 
 
They are polyoestrous with a cycle length of 12-37 days and oestrus lasts from 2-11 days. 
They don’t cycle while lactating but cycling recommences towards the end of lactation.  This 
enables production of a new litter upon weaning of the previous litter. Gestation takes 14 days 
and they bear one to three young in each litter. The young spend 78-82 days in the pouch and 
a further two weeks in the maternal burrow while dependent for food on suckling on their 
mother. Upon emergence from the burrow, they eat solids and suckle on their mother. 
Suckling is immediately terminated upon birth of a new litter. Females reach sexual maturity 
at 5–6 months of age and continue growing until 18 months of age (Southgate, Christie &  
Bellchambers 2000).  It is not known when males reach sexual maturity. Females can produce 
up to four litters per year and they can breed for up to four years and live for up to 10 years in 
captivity. 
 
2.3.3. Activity 
Because of their cryptic, nocturnal behaviour, bilbies in the wild are seldom seen. Southgate 
(1990b, p. 293) reported that of 250 days spent in the field, frequent night spot-lighting only 
resulted in two sightings. McRae (2004, p. 17) reported “low encounter rates, e.g. often less 
than 2 animals per night” for spotlighting in areas of known bilby burrows at Astrebla Downs 
N P. For this reason, most studies requiring direct knowledge of bilbies have been done using 
animals fitted with radio transmitter collars. 
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However, the animals leave a lot of evidence of their prior presence for the keen observer. 
Southgate, Paltridge & Masters et al (2005) used identification of bilby footprints and 
diggings (scrapes) to evaluate the effectiveness of monitoring techniques to determine the 
spatial pattern and relative abundance of bilbies in the Tanami Deseret. They reported the best 
results were obtained by searching random plots on foot, looking for signs of the bilby tracks.  
 
They produce a quadrapedal gait footprint characteristic of rabbits, dasyurids and other 
bandicoots but the footprints are characterised by distinctive long toe imprints. McRae (2004, 
p. 36) documented the distinctive tracks left by the bilbies quadrapedal gait over soft soil 
(Figure 2.10).  
 
Figure 2.10 Bilby Foot Prints 
(photo E Dunwoody 16-07-08) 
 
Faecal pellets  (scats) of bilbies have been documented by McRae (2004, p. 31) and Triggs 
(1996, p. 106). They were described as being “distinctively cylindrical and generally slightly 
broadened posteriorly”. Their most distinctive feature is their high soil and low moisture 
content (Figure 2.11). They are generally deposited individually although occasionally strung 
together. Their size reflects the size of the animal voiding them. They are often voided while 
the animal is digging for food, which leads to them being covered by excavated soil. In this 
way, they assist in distinguishing bilby scrapes from digging by other animals.  
Direction of travel 
Hind feet 
Fore feet 
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Figure 2.11 Faecal pellets (scats) of Macrotis lagotis 
(photo B Ford 17-09-08) 
Mayhew (2006, pp. 84-85) recorded scrape characteristics at eight sites in three different 
habitats in the BE. She reported that 97% of scrapes had scats present and had a mean depth 
of 56 mm (10 – 180 mm range) and a mean width of 85 mm (40 – 160 mm range) (Figure 
2.12). There were other bilby scrapes present within 5 m of 87% of the scrapes indicating a 
clumped distribution. The distribution was more clumped in shrublands and fringing eucalypt 
(Eucalyptus largiflorens) areas than in areas where forbs predominated. 
 
 
Figure 2.12. Typical Macrotis lagotis feed scrape.(photo E Dunwoody 15-07-08) 
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McRae reported that single entrance burrows extending to 1-2 meters deep were the most 
common type although burrow complexes of 10 - 20 meters in diameter with numerous 
openings were recorded at Astrebla Downs NP. The excavated soil is distinguished from 
rabbit burrow soil by forming a “fan shaped mound extending away from the opening 
entrance” (McRae 2004, p. 38) (Figure 2.13) rather than in a more scattered pattern that is 
characteristic of rabbit burrow excavations. Bilby burrow excavation soil may be raised up to 
500 mm above grade. Southgate et al (2005, p. 45) reported that “burrows are often located 
near logs or under bushes and tend to be inconspicuous” although McRae did not consider 
that the burrows in the BE at CNP “tended to be near logs or under bushes” (2008 pers. 
comms.). Mayhew (2006, p. 66) reported that 64% of her 59 burrows were in Shrubland, 21% 
in Mulga and 15% in Eucalypt (Black Box) vegetation. This was influenced by the inclusion 
of Release Pen burrows in the sample because the Release Pen that temporarily restricted the 
bilbies was in a Black Box Zone. 
 
 
  
 
Figure 2.13 Typical Macrotis lagotis burrow entrance 
 with a distinct large fan of excavated soil 
(photo E Dunwoody 15-07-08) 
 
Visibility of the burrows from the air depends on whether or not the excavated subsoil has a 
contrasting colour to the surface soil and the amount and type of over-storey vegetation.  
McRae (2004, p. 81) conducted aerial counts of bilby burrows at Astrebla Downs NP in 1994 
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and 1999 using a low flying (122 m flying height) high-winged aircraft. Photographs of the 
surveyed area show no vegetation obscuring the burrow excavations. He recorded burrow 
densities ranging from 1 – 4 burrows/km2. 
 
Bilby movement in their territory may be considered in terms of Burrow Ranges5 and Home 
Ranges6. Burrow Ranges at Astrebla Downs NP encompassed an average of 15 ha for males 
and 3 ha for females. Home ranges averaged 51 ha for males and 20 ha for females (McRae 
2004, pp. 56-68). The maximum nightly foraging distance was 5 km for males and 2.2 km for 
females with males using twice as many burrows as females. 
 
2.4. Habitat Modelling 
Spatial prediction of species distributions is a critical component of conservation planning 
(Guisan &  Zimmermann 2000). It is founded on detecting and quantifying the relationship 
between the target species and environmental features on which it depends intrinsically for 
survival.  Predictive modelling and mapping which is based on quantitative relationships 
between a species and the biophysical features of its environment can provide basic 
information for future management of the species (Yost, Petersen, Gregg et al. 2008). 
However, habitat modelling is one of a triumvirate of techniques needed to ensure better 
species survival. It is complemented by landscape change modelling and population viability 
modelling. The validity of comprehensive species modelling depends critically on the 
accuracy of the habitat-suitability modelling component. 
 
Three basic approaches have been used to develop models to predict species habitat 
suitability; (i) models based on the statistical probability of occurrence of predictor variables, 
(ii) Cartographic models of habitat priority based on empirical habitat associations, and (iii) a 
hybrid model approach in which statistically derived relationships are used to formulate the 
cartographic combination of environmental predictor variables into probability or habitat 
suitability maps. The following section reviews these habitat modelling approaches with an 
emphasis on remote sensing image data sources and GIS analysis techniques.  
 
Small animals cannot be detected directly by aerial or satellite photography. Their habitats 
can only be determined indirectly by identifying predictor variables. The use of GIS both 
limits and assists the process of predicting habitats. It constrains the predictor variables to 
                                                 
5
 Burrow Range: The area included by the burrows used by a bilby over a consecutive 10-day period. 
6
 Home Range: The area traversed by a bilby over 5 consecutive days. 
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ones that are available in digital layers and that approximate ecological needs of the target 
species (Osborne, Alonso &  Bryant 2001).  It facilitates the process by allowing the 
economical use of variables with a wide geographical scale of coverage in a way that allows 
their spatial relationships to be explored. The scale of predictor variables obtained from aerial 
and satellite imagery often has not been appropriate for the detection and management of the 
species being studied (Gibson, Wilson &  Aberton 2004, p. 144). The increased variety of 
imagery and processing techniques becoming available are addressing this limitation. 
 
The selection of modelling approach must necessarily be guided by pragmatic as well as 
technical considerations. Knowledge of habitat requirements of the target species is the key 
determinant of predictor variables. The scale at which these need to be assessed influences the 
selection of data sources and these in turn determine the selection of basic modelling 
approaches. Oindo, Skidmore &  de Salvo (2003) used Landsat TM data (30 m pixel size) to 
successfully map habitat diversity for large mammal species using the Shannon-Weiner Index 
and Simpsons Index in the Maasai Mara area in Kenya. Viña, Bearer and Zhang (2008) 
showed that Wide Dynamic Range Vegetation Indices (WDRVI) derived from MODIS 
imagery (250 m pixel size) produced similar prediction success for Giant Panda (Ailuropoda 
melanoleuca) habitat in the Wolong Nature Reserve in China when compared to a forest 
cover model based on Landsat TM imagery. Texture measures extracted from Ikonos imagery 
(3.2 m pixel size) produced better classification of Hooded Warbler (Wilsonia citrina) nesting 
sites than similar measures extracted from Landsat imagery (Pasher, King &  Lindsay 2007). 
 
Predictor variables that can be extracted in continuous thematic data form can be “ground 
truthed” to analyse statistically discrete relationships with the dependent variable (the target 
species). Coops and Catling (2002) used a local variance method to predict habitat complexity 
scores for the Nadgee Nature Reserve Wilderness Area in NSW. They used these scores 
successfully to model the habitat of the long-nosed potoroo (Potorous tridactylus) and the 
swamp wallaby (Wallabia bicolour). Gibson et al (2004) used a logistic regression model 
with independent landscape variables extracted by GIS from multispectral digital imagery 
layers to plot the probability of presence of the Swamp Antechinus (Antechinus minimus 
maritimus) in the Anglesea Heath (Vic). Eurasian Black Vulture (Aegypius monachus) habitat 
was  modelled using a logistic regression Generalised Linear Model (GLM) based on four 
habitat variables extracted from a Digital Terrain Model (DTM) and Ikonos satellite imagery 
(1m pixel size) (Poirazidis, Goutner, Skartsi et al. 2004). The probability of occurrence of nest 
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sites was determined by progressively combining the habitat probability maps that were based 
on geomorphological variables, vegetation variables and distance from human disturbances. 
 
The second approach to habitat modelling is to extract a range of environmental variables 
from available digital information sources such as DEMs, remotely sensed imagery and maps 
and determine their spatial and numerical association with the dependent variable(s). The 
independent variables then may be combined in a raster overlay approach to determine the 
habitat priority. Each layer of variables can be weighted based on either expert opinion or 
empirically derived knowledge of the importance of the variable for the species involved. In 
the Weighted Overlay combination method, each raster has to be reclassified to a common 
integer measurement scale before weighting and adding. In the Weighted Sum combination 
approach, floating point numbers can be used on any desired scale (ESRI (Environmental 
Sciences Research Institute) 2009). The product of either operation is then reclassified to 
obtain the desired level of discrimination. Cork and Catling (1996) expressed the view that 
“While modelling of biophysical variables such as climate, geology, and landform might be 
useful for broad-scale spatial prediction of faunal distributions, such models are unlikely to 
provide descriptions of habitat requirements for animals”. By analogy, the more detailed the 
biophysical variables, the more they can be used to describe animal habitat requirements. 
 
MacAlister &  Mahaxay (2009) classified spectral data from Landsat ETM images of the 
Mekong River delta directly into 42 wetland habitat classes with the assistance of a Digital 
Terrain Model (30 m pixel resolution)  Extensive field work was necessary to  identify 
classification training sites for each habitat class. Dayton &  Fitzgerald (2006) used species 
specific habitat associations to identify habitat suitability for four amphibian species in Big 
Bend National Park (USA). They used a multiplicative approach to combining suitability 
values for the variables of elevation, slope, and soil. Suitability values varied for each species 
and ranged from 0 – 3. This allowed exclusion of areas in which a species was not recorded 
by assigning a zero value for such areas. Accuracies ranged from a low of 59% for Bufo 
punctatus to a high of 89% for Bufo debilis.  
 
Many indices, based on ratios of band segment reflectance data, have been developed. These 
allow direct classification of selected areas of interest. Such indices may be defined as “a 
unitless variable describing the priority of the habitat with respect to the needs of  the species 
under consideration” (Store &  Kangas 2001, p. 81). 
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The Normalised Difference Vegetation Index (NDVI) that measures the density of plant 
growth (Defries &  Townshend 1994) is perhaps the best known of the simple reflectance 
based indices. The general form of the index is:  
 
NDVI = (NIR — VIS)/(NIR + VIS) 
 
with the results always ranging between -1 for no infrared reflectance (areas of very low 
vegetation coverage) and +1 for almost total infrared reflectance (areas of very high 
photosynthetic coverage). Apan et al (2004) tested 40 vegetation indices for discrimination of 
orange rust (Puccinia kuehini)  infestation in sugar cane using Hyperion hyperspectral  
imagery (30 m pixel size, 10 nm spectral resolution). They found three indices, DWSI-1, 
DWSI-2 and DWSI-5 that produced the most accurate results. Each of these indices is based 
on ratioing the 1600 nm (SWIR) band with either the 800 nm (NIR) band or the 550 nm 
(Green) band.  
 
Animal habitat suitability indices are emerging. Newsome and Catling’s (1979) Habitat 
Complexity Score is an example of a Habitat Suitability Index (HSI). It can be used to 
measure the variance in reflectance values over different distances. This has been found to 
correlate well with structural complexity and biomass of forested areas irrespective of the 
plant species. It is described as being “based on the vertical distribution of tree canopy, shrub 
canopy and ground herbage coverage, the covered rocks, logs and litter and the general soil-
moisture condition of the forest stand”. HSIs attempt to quantify habitat quality using 
attributes important to a particular species of wildlife. They indicate habitat quality indirectly 
(Catling &  Coops 2004, p. 2) rather than directly as occurs with vegetation reflectance 
indices.  
 
The Modified Local-Variance method of Coops and Catling (1997) which also detects forest 
habitat complexity is another example of a GIS based HSI. Gibson et al (2004, p. 83) used a 
Sun Index7 (based on 20 m DEM resolution) and Coops and Catling’s Modified Local-
Variance Habitat Complexity Index (based on 2 m resolution videography) as two predictor 
variables in a GLM of the habitat for  five small mammals in the Anglesea Heath (Vic). The 
predictor layers were combined in a general additive model using Arc View Spatial Analyst. 
The regression coefficients for each variable from the GLM defined the contribution of each 
                                                 
7
 Sun Index = Cos aspect x tan slope x 100 
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layer to the predicted habitat of each species in the model. They found a negative association 
between small mammals and elevation, habitat complexity and solar radiation. 
 
Obade (2007) combined layers of four predictor variables (slope, distance from disturbance, 
distance to water and vegetation cover) obtained from a DEM and Landsat TM imagery to 
produce a combined habitat suitability map for Nairobi National Park (Kenya). His HSI was 
calculated as: 
 
           HSI = (SI slope + SI disturbance +SI water distance) x SI vegetation 
where; SI x =  Suitability Index of variable x. 
 
The foregoing techniques for creating habitat suitability models are based on statistical 
relationships between species and site features.  The statistical relationships require a 
sufficient database that may be difficult to obtain or develop in the case of rare or low-density 
species and inaccessible terrain. Store and Kangas (2001) proposed an alternative approach of 
using “expert knowledge” when there were inadequate statistical models based on objective 
information. “Expert knowledge” is necessarily subjective by its nature and must be converted 
into an empirical form for use in modelling. The Boolean logic approach to the use of 
empirical information doesn’t allow for degrees of certainty and uncertainty in the 
information. The argument is either accepted or rejected based on the evaluation threshold. A 
Multiple-Criteria Evaluation (MCE) approach was proposed by Carver  (1991) as a means for 
including different degrees of certainty in the outcomes due to different levels of influence by 
multiple criteria. It provides a method for evaluating a number of different outcomes based on 
weighting the input criteria to reflect their importance to the outcome being evaluated. 
 
 Jasrotia, Kumar &  Saraf (2007, p. 5029) used a weighted index overlay method to solve a 
groundwater recharge problem in the Jammu district of India. Thematic maps of many factors 
related to the hydrology of the district were constructed from different data sources. Weights 
were assigned both to the layers and to the classes of values within the layers based on expert 
opinion of their relative importance for artificial recharge. Carletti, De Leo &  Ferrari (2006) 
developed an Environmental Sustainability Index formulated as a weighted sum of three other 
indices, Anthropic Impact Index (AII), Ecological Function Index (EFI) and  Habitat 
Availability Index (HAI) as follows: 
 
ESI = w1AII + w2EFI + w3HAI 
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The Anthropic Impact Index was formulated as a weighted sum of the Nutrient Load Index, 
and a Naturalness Index. All indices were formulated as weighted sums of their component 
data layers. They used it to assess large areas of wetland rapidly for management decision-
making purposes.  
 
Predicting or evaluating habitat suitability in practice often involves a combination of “expert 
knowledge” and empirical data of varying statistical confidence levels. The Weighted Overlay 
approach to combining data is based on multi-attribute utility theory (MAUT)8 (Schafer 
1999). This requires that each variable be classified using a standard number of discrete 
classes. Store and Kangas (2001, pp. 80-81) showed that classification into discrete groups 
can lead to increased uncertainty and loss of information when the criteria used to describe 
habitat suitability are continuous.  Pukkala and Kangas (1993) recommended the use of sub-
priority functions to avoid classifying continuous attribute values thereby avoiding the need 
for discrete classification.  
 
Store and Kangas (2001) suggested that habitat suitability modelling should be approached in 
a two step process. The first step is to consider the presence of deterministic factors upon 
which the absolute presence or absence of the species depends. The second step is to evaluate 
the non-deterministic factors for their importance in determining the degree of desirability of 
the habitat for the species. This involves data acquisition, investigation of statistical 
relationships, incorporation of “expert knowledge” and structuring of multiple criteria in GIS 
layers. This information can then be combined in a MCE cartographic model to combine a 
number of layers, each of single habitat factors, to produce an overall HSI layer. The weights 
for each class and layer are the most crucial part in an integrated analysis (Jasrotia, Kumar &  
Saraf 2007, p. 5029). They can be tested by sensitivity analysis with the model. A MCE HSI 
approach was used to predict the habitat suitability for the  polypore fungi (Skeletocutis 
odora) in  Finnish forests with an 83% accuracy using a vegetation characteristics weight of 
0.7 and a soil characteristics weight of 0.3 (Store &  Kangas 2001, p. 87).  
 
Ecosystems are groups of plants and animals existing in a balanced and interdependent 
relationship with each other and their physical environment. It may be desirable to evaluate 
and map habitat suitability for groups of organisms together, rather than individually. Edenius 
                                                 
8
 MAUT = The overall evaluation v(x) of an object x is defined as the sum of the weighted addition of its 
evaluation in each relevant value dimension. 
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&  Mikusinski (2006) suggest using focal species groups to broaden the application of habitat 
suitability models for biodiversity assessment. Dayton and Fitzgerald (2006) tested the use of 
MCE for four amphibians in which the predictor layers were combined by multiplication 
rather than summation. Differences in habitat requirements for each species were reflected by 
different class values within each layer. They achieved 79%, 89%, 59% and 83% accuracy for 
the four species. This led them to conclude that “developing single species habitat suitability 
models may be a more appropriate approach than trying to develop multi-species models”. 
 
Store and Jokimaki (2003, pp. 3-5) extended the MCE approach developed by Store and 
Kangas (2001, pp. 80-83) for single species HSIs to the evaluation of multi-species HSIs. 
This required combining the handling of expert knowledge and empirical evaluation models 
and selection of geographic scales suitable for examining the habitat choices of the target 
species. The revised procedure involved four steps; (i) constructing a habitat suitability 
model, (ii) producing the needed data, (iii) evaluating the habitat factors in a target area, and 
(iv) combining the separate suitability indices. This approach was tested on a Finnish Forest 
Research Institute site near Rovaniemi (Finland) for the polpore fungus (Skeletocutis odora), 
and two bird species, the Redstart (Phoenicurus phoenicurus) and the Pied Flycatcher 
(Ficedula hypoleuca). Their respective HSIs were formulated as:  
 
        HSI Redstart = exp(0.053175 x arcsin(propine) – 0.000627 x stemnr +                       
0.107295 x arcsin(propinefor) – 0.000070 x (edge)+ 0.118188 – 1, and 
 
        HSI Pied Flycatcher   = exp(0.000673 x age – 0.034522 x arcsin(propine) + 0.053048) – 1 
where; propine, stemnr, propinefor, edge and age are habitat variables. 
 
The predictive performance of the models was not tested with independent data but the results 
were tested with other models for the same species and found to be in good agreement. HSI 
values in the test area had the following ranges: polypore fungus 0.10 – 0.83, Pied Flycatcher 
0.05 – 0.44, and Redstart 0.13 – 0.66. This information enabled areas of suitability for each 
species and combinations of the species to be mapped. 
 
2.5. Conclusion 
This section has described the existing status of knowledge about the different environments 
in which the small populations of bilbies remaining in the wild currently live. This helped 
identify predictor variables and data collection needs for habitat model construction. The life 
cycle of the Greater Bilby makes it a difficult animal to detect by remote sensing imagery. 
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Although they leave signs of where they have been, these signs are usually not directly 
detectable from remote imagery 
 
The knowledge-base of the natural resources of the Bilby Enclosure located in the heart of 
Currawinya National Park was reviewed. It is characteristic of the area with a rolling dunal 
landform of primarily Sandy Red Earths and Siliceous Sands formed from Tertiary sediments 
interrupted by saline and alkaline clay pan remnants of previous watercourses. Although well 
within the Mulga Lands Bioregion, its vegetation has been identified variously as either 
Mulga  Association or a Whitewood Complex. 
 
Different approaches to habitat modelling were reviewed with an emphasis on GIS methods 
for data extraction, statistical analysis, cartographic formulation and evaluation of results. 
Different approaches for handling expert opinion and empirical knowledge were reviewed. 
Procedures for handling different levels of certainty and uncertainty in information are also 
covered. The emerging trend towards multiple species habitat modelling was reviewed. The 
Multi-Criteria Evaluation approach, with its basis in Multiple Attribute Utility Theory, has 
been shown to be a very adaptable and flexible approach for structuring GIS overlay 
techniques for evaluating dependent variables for either single species or groups of species 
simultaneously. Cartographic Habitat Suitability Indices can be linked with landscape 
projection models to make land use decisions that offer a better chance for endangered species 
survival. 
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CHAPTER THREE 
 
METHODOLOGY 
The previous section has shown that the data about soil and vegetation requirements for 
bilbies are site specific. The work of Mayhew (2006, pp. 81-97) provides useful information 
about the habitat preferences of newly released bilbies in the BE at CNP. Her work suggests 
that bilbies are very specific in their habitat choices for burrows which they construct, 
although they also use rabbit burrows opportunistically (Moseby &  Donnell 2003, p. 19). 
Feed sites depend on available food resources and these may be very diverse (Gibson 2001). 
However, there were no consistent georeferenced data sets of bilby activities for the BE. It 
was necessary to develop these to discover the relationship between environmental features 
(predictor variables) and bilby habitats. 
 
This Section explains the methodology used to develop the empirical knowledge base about 
bilby activities and habitat predictor variables, how this information was used to model the 
degree of habitat suitability for bilbies and how the accuracy of the model predictions was 
validated. 
 
3.1. Data Acquisition 
The study area was the BE in CNP built in 2003-2004. The plan for data acquisition is shown 
in Figure 3.1. Preliminary field data were collected in July 2008 and detailed field data were 
collected over a 10-day period in September 2008 by the principal investigator and a research 
assistant. General data about the location of roads, fences, towers tracks and large trees were 
collected for georeferencing purposes. Detailed data about soil characteristics and bilby 
activity were collected at 8 investigation sites selected at random within the BE (Figure 3.2). 
The categories of data collected at each site are listed in Table 3.1. 
 
Trimble GeoXT hand-held GPS units (2003 model) loaded with TerraSynch (Trimble 
Navigation Ltd 2005) software in a Windows Mobile Operating System were used to collect 
both base station and field data. A base station GPS unit was established each day in which 
field data were collected. It was located at the closest known geographical reference point 
which was at Hungerford, 15 km from the study site (Queensland Department of Natural 
Resources 2008 First Order, Class A survey point, Registered No 76874).  A new Base File 
was initiated daily in the GPS unit and set to record the L1 band, code observable pseudo-
position of the base station at one-second intervals.  
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Figure 3.1. Data Acquisition Plan 
Table 3 1. Summary of Soil and Bilby Track Data Categories 
Soils Data Bilby Track Data 
Site  
• Location 
• Slope 
• Landform 
• Coarse fragments  
Vegetation  
• Upper strata 
o Predominant spp. 
o % cover 
• Middle strata 
o Predominant spp. 
o % cover 
• Lower strata 
o Predominant spp. 
o % cover.  
Profile 
• pH at 10 cm 
intervals to 70 cm 
• EC at 10 cm 
intervals to 70 cm 
• Colour 
• Surface 
• Subsurface 
• Texture 
• Surface 
• Subsurface 
• Coarse fragments 
• Surface 
• Subsurface 
• Structure 
• Segregations 
• Strength 
Scrapes 
• Density 
o Numerous 
o Sparse 
• Depth 
o <10cm 
o >10cm  
Scats 
• Density 
o Numerous 
o Sparse 
• Size 
o Large  
o Medium 
o Small 
• Age 
o Fresh 
o Medium 
o Old 
 
Foot prints 
• Soil surface 
o Soft 
o Hard 
• Density 
o Numerous 
o Sparse 
Burrows 
• Predominant 
vegetation 
• Soil colour 
• Aggregates,  
• Micro location  
• M. densispicata 
presence 
Data Acquisition  
 
 
Develop Data Dictionaries 
• Features 
• Soils 
• Bilby Tracks 
GeoXT 
 Load Dated Rover files 
Inspect area      
• Record Tracks 
• Photograph 
Locate First Order 
Class A Survey 
Reference Point  
Establish base 
station at Reference 
Point 
Activate daily Base 
File recording 
Download Rover and 
Base files to Path 
Finder Office (PFO) 
Differential 
correction 
Clear GeoXT 
memories and reset 
Inspect, clean-up 
and merge GPS 
records in PFO 
Export as Shape file 
and Data Base files 
Join records from 
July and Sept 2008 
Shape Files 
Inspect attribute tables, 
verify and clean-up 
Check horizontal 
precision 
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Figure 3.2. Bilby Enclosure Investigation Areas 
 
Physical features and soil and bilby track records were recorded on daily Rover Files by each 
investigator. Data Dictionaries were created (Appendices III and IV) in each GPS unit for the 
categories of data shown in Table 3.1. The key GPS Rover File settings are shown in Table 
3.2. Prior testing established that these values were both feasible and sufficient to produce 
post-processed differentially corrected positions with a horizontal precision of approximately 
2 meters (95% probability). Both Rover and Base files were downloaded each evening to a 
lap top computer equipped with Pathfinder Office (PFO) Software (Trimble Navigation Ltd 
2007) in a Microsoft Windows  XP operating environment. The data were differentially 
corrected by code observable post-processing, inspected in PFO and edited for accuracy, and 
exported as both Shape files and Data Base files. 
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3.1.1. Ground Reference Features 
No artificial reference features were established prior to the aerial photography. Physical 
features were selected as Ground Control Points (GCP) and their location was recorded by 
GPS in 2003 and 2005. The precision and accuracy of those GPS records is unknown. A 
limited subset of the 2003-2005 GCPs was located in 2008 and new differential GPS 
observations recorded for them. The precision and accuracy of these new GPS observations 
could be calculated. Positional records for additional GCPs were recorded in 2008. The 
location of other features in the enclosure such as the roads and tracks, entrance gates, 
repeater tower, tracking towers, release pen, fence lines, and main fence posts were recorded 
by post-processed differential GPS during the 2008 site visits using the settings shown in 
Table 3.2.  
 
Table 3.2. GPS Observation Settings 
Parameter Point Features Line or Area 
Features 
PDOP Maximum 6 6 
Observations per node 
(minimum) 
20 1 
Observation Interval 5 sec. 10 m. 
 
3.1.2. Soil Sample Data 
The soil profile was sampled and analysed at 38 points within the BE (Figure 3.3). A 
minimum of four sampling points were selected randomly to be representative of the 
vegetation zones in each Investigation Area. A limited number of other soil sampling points 
were selected within 5 m of known or suspected bilby burrows. Sampling, analysis and data 
recording were done according to the procedures published in the Australian Soil and Land 
Survey  Field Handbook (McDonald, Isbell, Speight et al. 1998).  
 
Samples were collected to 70 cm depth in 10 cm increments using a 10 cm Jarrett Auger. 
Where there was insufficient soil consistency for the auger to retain the sample on extraction 
from the test hole, the samples were collected by hand scooping. All sample material was 
segregated into 10 cm profile composite samples as illustrated in Figures 3.4 and 3.5. 
 
Soil pH was analysed with a Phenolphthalein and Barium Sulphate test kit. Electrical 
conductivity (EC) was analysed using a battery powered meter (TPH HP 81) fitted with an 
EC probe inserted into a 1:5 soil and water mixture. Other soil features were determined by 
feel and visual observation. Clay pan soils had sufficient strength to retain their physical 
integrity during extraction. This made profile distinct possible. Almost all other soil types 
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lacked sufficient strength to retain integrity in the auger during extraction and this made 
profile distinction more difficult. 
 
Figure 3.3 Soil Sample Sites. 
 
The location of each soil sample point was recorded by post-processed differentially corrected 
GPS according to the procedures previously outlined. Site information and profile 
morphology were recorded using QDNR&W Site Description Data Sheets9 and a suitably 
constructed GPS Data Dictionary.  
 
 
                                                 
9
 These encompass most of the criteria in the ASLS Field Handbook. (McDonald et al. 1998) 
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Figure 3.4. Sampling at Site 25 in a Shrubland Zone (Photo E Dunwoody 22-09-08) 
 
 
 
Figure 3.5. Sampling at Site 21 in the middle of a clay pan (Photo E Dunwoody 21-09-08)  
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3.1.3. Bilby Track Data 
Training in recognizing and interpreting Bilby tracks was provided by Mr. Peter McRae10. 
Tracks and their features were recorded by an observer walking in a series of roughly 
concentric circles through each visibly distinct vegetation zone in each of the eight 
Investigation Areas. This required about 8-9 hours of observation tracking for each 
Investigation Area. The GPS unit used by the observer was equipped with a remote antennae 
mounted on the observer’s hat to facilitate signal reception and to free the observer to 
investigate tracks and record data (Figure 3.6). The “no feature” GPS signal recording 
function provided a record of the observers position at all times. This allowed subsequent 
plotting of the track path of the observer and analysis of the soil types and landcover classes 
that had been inspected. 
 
 
Figure 3.6. Tracking observer (Mr B Ford) equipped with GPS and camera. 
 
3.1.4. Remote Imagery 
Optical images of the study area from various sources including Landsat 7 (ETM+, 2003), 
SPOT (2005), Ikonos (2003, 2005), historical aerial photographs (1991, 1995) and recent 
aerial photographs (2003) were considered. The 25 m pixel size of the Landsat image 
provided too much generalisation to make it feasible to classify the landcover with sufficient 
accuracy to identify bilby habitats. The SPOT image, with a pixel size of 10 m, may have 
                                                 
10
 Senior Zoologist, Threatened Species Unit, QDERM. 
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been useful however, the only image available without purchasing a new image had a cloud 
band covering significant parts of the study area. Cloud free Ikonos imagery was available for 
purchase but it was decided not to purchase it because of the cost. Good quality large format 
aerial photographs taken in 1991 and 1995 covering the study area were available from the 
Queensland Department of Natural Resources and Water (QDNR&W). These were not used 
because they predated the release of the bilbies in the enclosure by fourteen and ten years 
respectively. The 6 aerial photographs acquired in June 2003 by IO Jacobs Aerial 
Photography11 were used based on their availability, clarity and resolution. The images were 
captured from 18-23 May 2003 with a calibrated 80 mm focal length Hasselblad lens at a 
flying height of 3,229 m. This resulted in imagery at a scale of 1:38,800 and a pixel size of 
0.6682 m.  
 
3.2. Data Pre-processing 
The data pre-processing steps are shown in Figure 3.7. Attribute files of all features were 
inspected for completeness and extraneous records were removed using ArcGIS Editor. Files 
of like features collected on different dates were merged into aggregate feature files. The 
location of key reference features used as GCPs for georeferencing images were checked 
against other sources of data for those same points. The reason for differences were 
investigated and found to be either because they came from much larger scale data sets with 
lower inherent accuracy or from GPS sources whose accuracy was not able to be verified. 
Preference was given to GCP data collected for this study. 
 
                                                 
11
 Ian Oswald-Jacobs, 79 Chastons Road, Apsley, Victoria 3319, ian@ioj.com.au. 
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Figure 3.7. Data Pre-processing  
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3.2.1. Soil Types 
The complete array of soil sample data was organised in sequence by its primary 
characteristics; pH, EC, Texture, Colour, Structure and Strength. This provided an overview 
of the soil characteristics in the enclosure. They were interpreted in terms of the Australian 
Soil Classification Scheme (Isbell 1996) to arrive at a classification of the soil types. Soil 
types were mapped by considering their association with each vegetation zone and using 
heads-up digitising. The resulting polygons were smoothed using the Smooth Polygons tool in 
Arc Toolbox with the node distance set for five meters. Slivers were eliminated by calculating 
the area of all polygons, selecting all polygons with an area of less than half a hectare and 
merging them with adjoining polygons. The decision as to which neighbouring polygons with 
which to merge the slivers was made by inspecting the polygons when overlayed on the 
mosaiced aerial image and selecting the polygon type to which the sliver was most similar. 
Linked polygons were separated by manually checking all polygons for linkage and exploding 
any linkages in Advanced Edit Tools in an Edit session. As a final step in the digitising 
process, the attribute values assigned to each polygon were checked by selecting each soil 
type class and visually inspecting the selected polygons when overlaid on the mosaiced aerial 
image. 
 
3.2.2. Processing of Bilby Track Data 
Bilby track files were cleaned by removal of duplicate entries for feature points and straight-
line path connections between distant nodes. The straight line connections between distant 
nodes were an artifact created when the GPS unit was turned off at one location and turned on 
again at another location and the start and stop locations were within about 20 km of each 
other. They were evident in ArcMap at appropriate scales and were removed by breaking the 
path in an edit session and removing them. 
 
Each investigation area was defined by inclusion of a 10 m. buffer outside the furthest 
extremities of the track path in each area (Figure 3.2). The area inspected for signs of bilby 
tracks by the observer within each investigation area was calculated by buffering the track 
path by five meters on either side of the track polyline and merging the resulting polygons to 
eliminate duplication. Five meters was considered to be a realistic estimate of the distance at 
which an observer could see a potential scrape, footprint or burrow.  Scats, which were 
unlikely to be seen at more than two meters from the observer, were usually found in 
association with scrapes. The practicality of the polygons was tested by overlaying with track 
features. No features fell outside the observation polygon. 
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3.2.3. Imagery Preparation 
Each aerial photograph image was georeferenced using GCPs acquired for this study.  These 
were supplemented with features visible in the SPOT imagery of the BE in order to 
geographically balance the georeference points. The full extent of the BE was encompassed 
by a single corrected SPOT Image. Image-to-image referencing was applied to each image at 
the image margins and all images were mosaiced using ERDAS Imagine 9.3 software (Leica 
Geosystems Geospatial Imaging 2008). The mosaic settings that produced the visually best 
results were: 
 
• Histogram matching based on first image 
• Nearest neighbour resampling 
• Crop images by 5% (to remove peripheral dark areas) 
• Feather cut lines by five meters 
• Smooth cut lines by five pixels 
• Apply image dodging 
• Colour balancing was linear 
 
The mosaiced image lacked the red tones of the original images. These were restored by 
linear contrast stretching.  The ERDAS dehazing routine was used to increase the colour 
separation of the pixels in the mosaiced image. 
 
The images were initially classified into 50 classes by Unsupervised Classification using the 
Iterative Self-Organising Data Analysis Technique (ISODATA) with 10 iterations (ERDAS 
Imagine 9.3). The way in which these classes grouped was used as a guide for the manual 
selection of Areas of Interest (AOI) in the subsequent Supervised Classification. Eighty AOI 
training samples from eight preliminary landcover classes were selected for classification 
using parametric signatures and the Maximum Likelihood Classifier. The Swipe tool was 
used visually to inspect the accuracy of the resulting classification and the number of classes 
was progressively reduced to 61 by merging or eliminating classes to increase accuracy. The 
final 61-class landcover classification was reclassified into five landcover classes and an 
unclassified class. The accuracy of this classification was assessed using the Error Matrix 
method (Leica Geosystems Geospatial Imaging 2008) based on 50 randomly stratified sample 
points. 
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The Thick Vegetation Class was found upon ground truth inspection to encompass three 
different types of vegetation, Black Box (Eucalyptus largiflorens), Mulga (Acacia aneura) 
and dense stands of Eremophila sturtii and Dodonaea viscosa. The histograms for all three 
bands (RGB) from AOI’s of each type of vegetation closely overlapped. This precluded 
separate classification of these three types of Thick Vegetation landcover from the aerial 
photograph imagery. 
 
The small pixel size resulted in extensive “salt-and-pepper” effect in the classified raster. This 
was reduced by using a Majority Filter (Spatial Analyst/Generalize) three times with a setting 
of a “half majority value” of the eight orthogonal cells around each pixel. Further applications 
of the Majority Filter were found to degrade the accuracy when tested by the error matrix 
method. A final step in pre-processing of the Landcover raster was to resample the pixel size 
to one meter. 
 
3.3. Analysis Procedures 
Investigation areas 2, 4 and 7, hereafter called study areas, were selected for analysis of the 
relationship between bilby activities and soil and landcover features. The spatial relationship 
between each of the types of point features was investigated using Spatial Statistics Tools. 
This led to selection of scrapes as the sole indicator of bilby feed sites activity and burrows as 
the indicator of bilby resting locations. 
 
3.3.1. Data Analysis 
The data analysis procedures are shown in Figure 3.8. The association of track features 
(burrows, scrapes, scats and footprints) with each type of soil and landcover were determined 
by spatially joining (Analysis Tools/Overlay/Spatial Join) the relevant shape files by their 
Intersection and using One-to-Many joins. The positive joins in the resulting file were 
selected and exported as data base files. The characteristics of each track feature associated 
with each type of soil and landcover were extracted by Pivot Table analysis using Microsoft 
Excel software. The observation polygons (track path polygons) were used to clip the soil 
types and landcover types in order to calculate the area of each that had been inspected for 
bilby tracks. This information was used to calculate the track feature frequencies for each type 
of soil and landcover in each study area. These were averaged, normalised and expressed in a 
scale from 1 to 10 and used as the Class Weights in the next section. 
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Figure 3.8 Data Analysis Procedures 
 
 
3.3.2. Model Development 
The model was constructed in two parts, a burrow suitability model and a feed sites suitability 
model. This was done on the hypothesis that good bilby habitat would contain both suitable 
places for the animals to rest and raise their offspring as well as suitable places to feed and 
that these areas should be within Burrow Range of each other (see Sec. 2.3.3). Only two non-
continuous thematic layers were available on which to construct a model of the location of 
burrows and feed sites. This limited the choice of modelling approaches. The Weighted Sum 
(WS) method (Spatial Analyst/Overlay) was used because it allowed the use of floating-point 
class values and independent weighting of the importance of each layer (Figure 3.9). Use of 
floating point class values was considered desirable to reflect accurately the frequency of 
occurrence of bilby track features. Independent layer weighting was necessary to explore the 
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relative importance of the two types of predictor variables on the location of the bilby 
habitats. 
 
 
Figure 3.9 Model Development for Habitat Priority 
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The Class Weights, developed in the previous section, were used directly in the WS 
calculation. The effect of different layer weights was investigated by evaluating the 
percentage of the feature class that fell within the high priority zone versus the percentage of 
the total tracked area included in the high priority zone. Three classes, classified by Jenks 
Natural Breaks, were used initially to standardize this comparison. The objective was to find a 
standard layer weight that yielded the largest percentage of included features in the smallest 
percentage high priority zone area across all three study areas for both burrow and feed sites. 
 
The precision of the GPS record of feature location was taken into account by creating a 95% 
probability buffer around each point (see Sec 3.1) and joining the feature polygon with the 
predicted feature priority polygons using Intersect and One-to-Many joins. The positive joins 
were extracted, exported and analysed by Pivot Table analysis to identify the number of 
features that fell in each predicted priority category. Positive intersections were scored 
according to the highest priority predicted area with which they intersected. 
 
In the final step, classification was changed from Jenks Natural Breaks to Manual Breaks. 
This allowed for further refinement of the predicted high priority area while still including the 
highest percentage of the track features. 
 
The procedure outlined above was used to predict the location of resting and feeding sites for 
bilbies. These two areas (layers) were added together (Spatial Analysis/Math/Plus) and 
reclassified to identify areas where high priority feeding and resting sites were coincident. 
 
3.4. Validation 
The Layer Weights, Class Weights and Manual Classification Break values developed in the 
previous section were used in a Weighted Sum calculation of the soil type and landcover class 
layers for the five validation areas (Investigation Areas 1, 3, 5, 6 and 8) (Figure 3.10). 
 
This was done by extracting the validation area soil and landcover rasters and running the WS 
calculation using the previously determined values for layer and class weights and 
classification break values. The output rasters were vectorised and spatially joined (settings as 
per Sec 3.4.1) with the respective features to analyse the accuracy of the predictions of the 
model. The positive joins were analysed by Pivot table analysis to determine the number of 
features that fell in each predicted priority area. The distribution of the track features between 
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different priority areas provided a measure of the accuracy of the model to identify priority 
areas for bilby burrow and feed sites. 
 
Figure 3.10. Validation Procedure 
 
3.5. Conclusion 
There was insufficient pre-existing knowledge of the natural resources in the BE for the 
purposes of this study. The study collected soil sample data that was used to map the soil 
types in the enclosure. Large format aerial photographs provided the basis for classifying the 
landcover and preparing a landcover map of the enclosure. Signs of bilby activity were 
visually tracked and recorded by relative GPS because they could not be observed directly 
from the imagery. GIS techniques were used to discover the relationship between bilby 
activity and the natural resources. These relationships were used in a Weighted Sum 
modelling approach to predict the priority of all areas of the enclosure for burrowing and 
feeding sites. These areas were overlayed to identify coincident priority areas that were 
ranked in priority for bilby habitat suitability. The next section presents the results of the data 
collection, soil mapping, landcover classification, GIS analysis and modelling computations. 
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CHAPTER FOUR 
 
RESULTS 
The previous section described the methods used for developing a knowledge base about the 
natural resources of the BE and how and where the bilbies used those resources. GIS 
techniques were used to identify the spatial relationships between bilby activities and the 
natural resources. This provided the data for a model that was used to predict the priority of 
bilby habitats. The model was validated on data from separate areas of the enclosure. This 
section provides the detailed results of the analysis of the natural resources in the enclosure, 
the quantification of bilby habitat predictor variables used in the habitat prediction model and 
the validation results. 
 
4.1. Soil Classification 
4.1.1. Soil Sample Results 
The coordinate locations of the 38 soil sample positions shown in Figure 3.3 are given in 
Appendix V. The results of the soil sample analyses are shown in Appendix VI and are 
summarised in Table 4.6. The soil test results are arranged firstly, by broad vegetation zone, 
then by ascending pH and finally by ascending EC. This arrangement illustrates the gradation 
in values characteristic of Rudosol soils. In order to correctly classify the soils according to 
the ASC Guidelines, and to digitize them, it was desirable to explore the relationships 
between the major soil parameters and the Vegetation Zones. The results of this analysis for 
the major parameters are shown in the following section.  
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Table 4.1. Summary of Soil Sample Results 
 
 
 
 
 
 
 
 
 
 
Vegn 
Zone 
Samp 
-le No. 
Surf pH 
0-100 
Sub pH 
400-500 
Surf EC 
0-100 
Sub EC 
400-500 
Texture 
_Surf 
Texture 
_Sub 
Colour   
_Suf 
Colour   
_Sub 
Acacia 14 6-7 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Acacia 22 5-6 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Acacia 24 5-6 6-7 <100 <100 Silt Silt Red brown Red brown 
Acacia 25 6-7 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Acacia 34 5-6 5-6 <100 <100 Fine sand Fine sand Red brown Red brown 
Acacia 37 <5 <5 <100 <100 Clay loam Clay loam Red Red 
Shrubland 4 6-7 6-7 <100 <100 Silty loam Silty loam Red brown Red brown 
Shrubland 9 5-6 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Shrubland 12 6-7 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Shrubland 13 5-6 6-7 <100 <100 Fine sand Silt Red brown Red brown 
Shrubland 19 5-6 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Shrubland 20 5-6 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Shrubland 23 5-6 7-8 <100 <100 Fine sand Loam Red brown Red brown 
Shrubland 36 5-6 6-7 <100 <100 Silty loam Silty loam Red Red 
Shrubland 28 6-7 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Shrubland 32 5-6 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Shrubland 26 6-7 >9 <100 300-600 Fine sand Silt Red brown Yellow brown 
Shrubland 38 >9 >9 <100 600-900 Clay loam Clay loam Light brown Light brown 
Shrubland 29 6-7 >9 <100 900-1200 Fine sand Fine sand Red brown Red brown 
Shrubland 35 8-9 8-9 <100 600-900 Clayey silt Clayey silt Yellow brown Yellow brown 
Shrubland 15 6-7 >9 <100 600-900 Silt Silt Red brown Red brown 
Fring veg 3 6-7 7-8 <100 <100 Silt Silt Yellow brown Yellow brown 
Fring veg 6 6-7 7-8 <100 <100 Fine sand Fine sand Yellow red Yellow red 
Fring veg 18 6-7 6-7 <100 <100 Fine sand Fine sand Red brown Red brown 
Fring veg 16 6-7 6-7 <100 <100 Loam Loam Red brown Red brown 
Fring veg 2 6-7 7-8 <100 100-300 Silty loam Clay loam Red brown Yellow red 
Fring veg 5 6-7 >9 <100 1200-2500 Loam Clay Brown Brown 
Fring veg 8 6-7 8-9 <100 >2500 Fine sand Clay loam Yellow brown Brown 
Fring veg 31 7-8 7-8 <100 300-600 Loam Clay loam Red brown Dark brown 
Fring veg 11 7-8 >9 <100 300-600 Silty loam Silty loam Brown Yellow brown 
Clear 33 >9 >9 <100 900-1200 Loam Loam Red brown Yellow brown 
Clay pan 10 7-8 >9 <100 <100 Clay loam Clay loam Dark brown Dark brown 
Clay pan 7 6-7 >9 100-300 600-900 Clay loam Clay Dark brown Dark brown 
Clay pan 1 8-9 >9 300-600 >1200 Clay Clay Brown Yellow brown 
Clay pan 17 6-7 >9 300-600 >2500 Clay loam Clay loam Dark brown Dark brown 
Clay pan 21 6-7 >9 300-600 1200-2500 Clay loam Clay Yellow red Yellow brown 
Clay pan 27 7-8 8-9 300-600 900-1200 Silt clay Clay loam Dark brown Yellow brown 
Clay pan 30 6-7 >9 >2500  >2500 Clay loam Clay Yellow brown Dark brown 
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4.1.2. Pedalogic Vegetation Associations 
The association of pH with each Vegetation Zone is shown in Table 4.2 and illustrated in 
Figures 4.1 and 4.2. 
Table 4.2. Association of pH with Vegetation Zone 
Surface pH  Vegetation Zone 
<5 5-6 6-7 7-8 8-9 >9 Total 
Acacia 1 5         6 
Shrubland 
  6 7   1 1 15 
Clear 
          1 1 
Fring_Veg 
    6 2 1   9 
Clay_pan 
    1 3 3   7 
Total 1 11 14 5 5 2 38 
 Subsurface pH 
Acacia 1 1 4       6 
Shrubland 
    8 2 1 4 15 
Clear 
    1       1 
Fring_Veg 
    4 1 1 3 9 
Clay_pan 
          7 7 
 Total 1 1 17 3 2 14 38 
<5
5-6
5-6
6-7
8-9 >9
>9
6-7
7-8
8-9 6-7
7-8 8-9
0
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Figure 4.1.Distribution of Surface Soil pH in each Vegetation Zone 
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Figure 4.2. Distribution of Sub-Surface Soil pH in each Vegetation Zone 
The association between EC and different Vegetation Zones is shown in Table 4.3 and 
illustrated in Figures 4.3 and 4.4. 
Table 4.3. Association of Electrical Conductivity with Vegetation Zone 
Surface Conductivity Vegetation 
Zone <100 
uS 
100-300 
uS 
300-600 
uS 
600-900 
uS 
1200-
2500 uS 
>2500 
uS 
 Total 
Acacia 6           6 
Shrubland 14 1         15 
Clear 1           1 
Fring_Veg 6 3         9 
Clay_pan 1   2 1 2 1 7 
 Total 28 4 2 1 2 1 38 
 Subsurface Conductivity 
Acacia 6           6 
Shrubland 10 1 1 3     15 
Clear 
      1     1 
Fring_Veg 4 1 2     2 9 
Clay_pan 1     2 3 1 7 
Total 21 2 3 6 3 3 38 
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Figure 4.3. Distribution of Surface Soil Conductivity in each Vegetation Zone  
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Figure 4.4 Distribution of Subsurface Soil Conductivity in each Vegetation Zone 
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The texture of the soil associated with each Vegetation Zone is shown in Table 4.4 and 
Figures 4.5 and 4.6. 
Table 4.4. Distribution of Soil Texture in each Vegetation Zone 
Surface Texture Vegetation 
Zone Fine 
sand Silt 
Clayey 
silt 
Silty 
loam Loam 
Clay 
loam 
Silt 
clay Clay Total 
Acacia 4 1       1     6 
Shrubland 10 1 1 2   1     15 
Clear 
        1       1 
Fring_Veg 3 1   2 3       9 
Clay_pan 
          5 1 1 7 
 Total 17 3 1 4 4 7 1 1 38 
 Subsurface Texture 
Acacia 4 1       1     6 
Shrubland 9 3   1 1 1     15 
Clear 
        1       1 
Fring_Veg 2 1   1 1 3   1 9 
Clay_pan 
          3   4 7 
Total 15 5   2 3 8   5 38 
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Figure 4.5 Distribution of Surface Soil Texture in each Vegetation Zone 
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Figure 4.6 Distribution of Subsurface Soil Texture in each Vegetation Zone 
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The colour of the soil associated with each vegetation zone is shown in Table 4.5 and Figures 
4.7 and 4.8. 
Table 4.5. Distribution of Soil Colour in each Vegetation Zone 
Surface Colour Vegetation 
Zone 
Red 
Reddish 
brown 
Yellowish 
red 
Light 
brown 
Yellow 
brown Brown 
Dark 
brown Total 
Acacia 1 5           6 
Shrubland 1 12   1 1     15 
Clear 
  1           1 
Fringe Veg 
  4 1   2 2   9 
Clay pan 
    1   1 1 4 7 
Total 2 22 2 1 4 3 4 38 
 Subsurface Colour 
Acacia 1 5           6 
Shrubland 1 11   1 2     15 
Clear 
        1     1 
Fringe Veg 
  2 2   2 2 1 9 
Clay pan 
        3   4 7 
Total 2 18 2 1 7 2 5 38 
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Figure 4.7 Distribution of Surface Soil Colour by Vegetation Zone 
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Figure 4.8 Distribution of Subsurface Soil Colour by Vegetation Zone  
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The relationship between electrical conductivity and soil texture was investigated in the 
subsoils on which Eremophila sturtii and Dodonaea viscosa grew vigorously. This is shown 
in Table 4.6 and Figure 4.9. 
Table 4.6. Association of Electrical Conductivity with Texture 
 in Subsurface Shrubland Zone Soils 
Electrical Conductivity (600-700 mm) Texture 
<100 uS 600-900 uS 900-1200 uS 1200-2500 uS Total 
Clay loam 
 1   1 
Clayey silt 
  1  1 
Silt 1 2   3 
Loam 1    1 
Silty loam 2    2 
Fine sand 6   1 7 
Total 10 3 1 1 15 
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Figure 4.9. Association between Electrical Conductivity and 
Texture in Subsurface Shrubland Zone soils 
 
The foregoing information was used to identify the soil types in the BE according to the ASC 
system (Isbell 1996).  
 
4.1.3. Soil Types 
The information from the 38 soil samples was used to determine the soil types shown in Table 
4.7 and mapped in Figure 4.10. They consist of alkaline saline Hydrosols in the clay pans 
transisting progressively and up-slope to Salic Rudosols, Basic Rudosols and Acidic Rudosols 
on the crests of the dunal ridges. The area and perimeter of each soil type is given in Table 
4.8. 
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 Table 4.7. Soil Types in the Bilby Enclosure 
Key Classification Features 
 
 
Type 
Name 
 
ASC  
Description 
 
SMU/GSG 
Association Horizon pH Conductivity Texture Colour Calcret-
ions 
Land form Dominant Vegetation 
 
A 6-9 300-600 µS Clay to 
clay loam   
Brown None Hydrosol Salic Hydrosol 
 
 
 
 
Currawinya/ 
Wyara Grey 
Clays 
B >9 900-2500+ µS Clay to 
clay loam   
Dark 
brown to 
yellow 
brown 
Some-
times 
Clay pan 
0% slope 
Sparse vegetation of 
chenopods and grasses with 
occasional Eucalyptus 
largiflorens present 
A 6-8 <100 µS Fine sand 
to loam 
Yellowish 
brown to 
reddish 
brown 
Some-
times 
Salic 
Rudosol 
Salic,  arenic, 
red and 
yellow brown 
Rudosol 
none 
B 6-9 <100-2500+  µS  Fine sand 
to clay 
Yellowish 
red to 
brown 
Some-
times 
Elevated 
areas 
surrounding 
clay pans 
extending 
out 
hundreds of 
meters. 
Up to 1% 
slope 
Sparse cover of shrubs 
(Eremophila. sturtii and D. 
viscosa) and E. largiflorens 
in a defined dense band if 
present. Occasional 
Melaleuca densispicata 
present upland of E. 
largiflorens  and at the 
transition to the Basic 
Rudosol soils. 
Basic 
Rudosol 
Basic, arenic 
red Rudosol 
Napoleon/Sandy 
Red Earth 
Mostly 
undiffere-
ntiated 
6-7 <100 µS. May 
increase with 
depth to 700 
mm 
Fine sand 
transisting 
to silty 
loam at 
700 mm 
Reddish 
brown 
throughout 
Some-
times 
Upland 
dunal 
slopes. 
1-2% slope 
Shrubland composed 
primarily of E. sturtii, D. 
viscosa with occasional E. 
glabra, E. gilesii, Senna 
artemisioides  and juvenile 
A. aneura present 
 
Acidic 
Rudosol 
Acidic, arenic 
red Rudosol 
none Mostly 
undiffere-
ntiated 
5-6  <100 µS. No 
increase with 
depth to 700 
mm 
Fine sand 
throughout 
Reddish 
brown 
throughout 
None Upper 
slopes and 
crests of 
dunes.  
Mature and juvenile A. 
aneura with occasional 
Shrubland species. 
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Figure 4.10. Bilby Enclosure Soil Types map
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Table 4.8. Details of each Soil Type 
Soil Type Area (ha) Percent Area Perimeter (m) 
Acidic Rudosol 82 2.8% 11,170 
Basic Rudosol 1,465 51.4% 181,806 
Salic Rudosol 1,019 35.7% 233,991 
Hydrosol 286 10.1% 100,937 
Total 2,852 100% 527,904 
 
4.1.4. Bilby Burrow Soils 
Six of the soil samples were taken from sites within five meters of seven different bilby 
burrows. These were considered representative of the soil of the adjoining burrow. The results 
from this sampling are shown in Table 4.9 and a map of the respective sampling sites and 
burrows is shown in Figure 4.11. Four of the six sites had Mulga as the dominant upper storey 
species. All soil samples were acidic and had low electrical conductivity except sample 35 
near burrow 13.  Burrow 13 was a confirmed bilby burrow located under a Melaleuca 
densispicata bush. These bushes were observed to occur frequently where calcrete (calcium 
carbonate) nodules were present on the soil surface (Figure 4.12). Upon testing, the nodules 
exhibited high alkalinity and high electrical conductivity.  
 
Figure 4.11. Adjoining Burrows and Soil Sample Sites 
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Table 4.9. Burrow Soil Sample Results 
 
Soil sample results - Near Bilby Burrows (continued) 
Vegetation  Soil Sample 
No. 
Adjoining 
Burrow 
No. 
 Text 
_Sfc 
Text_
Sub 
Colour
_Suf 
Colour_
Sub 
Roots
_Sfc 
Roots
_Sub Veg_U
_ spp 
Veg_U
_% 
Veg_M
_ spp 
Veg_M
_% 
Veg_L
_ spp 
Veg_L
_% 
Calc_
Sfc 
Calc_
Sub Struc Stgth 
36 11 
Silty 
loam 
Silty 
loam 
Red Red 
No No Acacia 1 
Eremop
hila 20 Grass 5 No No none weak 
4 22 
Silty 
loam 
Silty 
loam 
Reddish 
brown 
Reddish 
brown No No Acacia 1 
Eremop
hila 25 
Chenop
od 2 No No none none 
25 28 
Fine 
sand 
Fine 
sand 
Reddish 
brown 
Reddish 
brown No No Acacia 80 none 0 none 0 No No none none 
6 23, 24 
Fine 
sand 
Fine 
sand 
Yellowish 
red 
Yellowish 
red No No Acacia 10 
Eremohil
a/Dod 5 
Chen/F
orb 5 No No none none 
3 19 Silt Silt 
Yellowish 
brown 
Yellowish 
brown Yes Yes 
Eucalypt
us 15 
Eremop
hila 2 
Chenop
od 2 No No none weak 
35 13 
Clayey 
silt 
Clayey 
silt 
Yellow 
brown 
Yellow 
brown Yes  No 
Melaleuc
a 10 
Eremop
hila 25 
Chenop
od 40 Yes Yes none weak 
 
Soil sample results - Near Bilby Burrows  
Field pH at depth Electrical conductivity (µS) at depth Soil 
Sample 
No. 
Adjoining 
Burrow 
No. 
Vegetation 
Zone    0 - 
100 
mm 
100-
200 
mm 
200-
300 
mm 
300-
400 
mm 
400-
500 
mm 
500-
600 
mm 
600-
700 
mm 
0-100 
mm 
100-
200 
mm 
200-
300 
mm 
300-
400 
mm 
400-
500 
mm 
500-
600 
mm 
600-
700 
mm 
36 11 Shrubland 5-6 5-6 6-7 6-7 6-7 7-8 7-8 <100 <100 <100 <100 <100 <100 <100 
4 22 Shrubland 6-7 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
25 28 Acacia 6-7 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
6 23, 24 Fring veg 6-7 6-7 6-7 7-8 7-8 7-8 7-8 <100 <100 <100 <100 <100 <100 <100 
3 19 Fring veg 6-7 8-9 8-9 7-8 7-8 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
35 13 Shrubland 8-9 8-9 8-9 8-9 8-9 8-9 8-9 <100 <100 
300-
600 300-600 600-900 
900-
1200 
900-
1200 
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Figure 4.12 Melaleuca densispicata  bush above burrow 35. (photo E Dunwoody 15-07-08) 
 
 
 
4.2. Landcover Classification 
4.2.1. Landcover Classes 
This study makes a distinction between Vegetation Zones and Landcover Classes. Vegetation 
Zones are areas of broad communities of similar plant associations of which this study 
identified five as outlined in Table 4.10. Vegetation Zones could be distinguished by the 
human eye from aerial photographs. They could not be separated clearly by classification of 
the aerial photograph image. 
 
Landcover Classes were classified groups of pixels of similar radiance histogram profiles that 
were indicative of particular types of landcover. A number of different Landcover Classes 
occurred within each Vegetation Zone. Some Classes were common between Vegetation 
Zones. Table 4.11 summarizes the Landcover Classes classified in this study. 
 
 
 
 
 
 
Calcrete Particles 
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Table 4.10. BE Vegetation Zones. 
Zone 
Name 
Plant 
Community 
Images 
 
Clay 
Pan 
Lowest lying 
areas, with or 
without water 
present 
containing 
either no 
vegetation or 
only very 
sparse low lying 
vegetation. 
 
 
Black 
Box 
Areas of 
primarily 
Eucalyptus 
largiflorens 
mostly 
concentric  with 
clay pans. 
 
 
Clear Areas of sparse 
(<10% surface 
cover) 
Eremophila 
sturtii and 
Dodonaea 
viscosa outside 
of and 
concentric with 
Black Box (if 
present) or clay 
pan areas. 
 
 
Shrub-
land 
Areas of more 
dense (>20% 
surface cover) 
Eremophila 
sturtii and 
Dodonaea 
viscosa with 
occasional 
Senna 
artisemoides 
and some 
chenopods and 
forbs present.  
 
Mulga Areas of 
dominant 
Acacia aneura 
or subdominant 
Acacia aneura 
emerging in an 
otherwise 
Shrubland  
zone. 
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Table 4.11. Landcover Classes  
Class 
Name 
Predominant 
Reflectance Images 
Clay pan Pixels with a 
white or light 
pink, blue, 
brown or grey 
colour 
uninterrupted 
by any other 
pixel colours 
listed below  
 
 
Red Soil Pixels with a 
strong reddish 
hue. 
Reflectance 
from exposed 
Rudosol. 
 
 
Shrubland Pixels with a 
mid or bright 
green colour. 
Reflectance 
from 
Eremophila 
sturtii. 
Dodonaea 
viscosa or 
Melaleuca 
densispicata. 
 
 
Shrubland 
with dead 
wood 
Pixels which 
are grey or 
grey blue in 
colour. 
Reflectance 
from dead 
wood/organic 
matter 
combined with 
shrub 
reflectance 
 
 
Thick 
Vegetation 
Pixels that are 
dark green to 
black in colour. 
Reflectance 
from 
Eucalyptus 
largiflorens or 
Acacia aneura 
or the lack of 
reflectance 
caused by 
shading in 
dense areas of 
Shrubland. 
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4.2.2. Landcover Mapping 
The following figures show the sequence of transformations that were used to classify the 
landcover of the BE. Figure 4.13 is the aerial photograph mosaic of the BE. The white areas 
are clay pans and the dark areas are cloud shadows. Figure 4.14 is the Supervised 
Classification of the BE (61 landcover classes) using a “colour map” extracted from the 
original photograph pixels. Figure 4.15 is the same raster reclassified into 5 landcover classes 
(Table 4.11) with an artificial colour ramp applied. Figure 4.16 is the raster that resulted from 
three applications of the Majority Filter (see Sec 3.2.3 for details). The finely interspersed 
nature of the different Landcover Classes accurately reflects the variation experienced in the 
field. Further aggregation of the Landcover pixels, either by resampling or by Majority 
Filtering was found to degrade classification accuracy. 
 
Figures 4.17, 4.18 and 4.19 show the Landcover classification of the three study areas. The 
Thick Vegetation Class in Area 2 represents primarily Mulga vegetation while the Thick 
Vegetation Class in Areas 4 and 7 represents primarily Black Box vegetation. In all areas 
where Thick Vegetation Landcover is interspersed with Shrubland Landcover it primarily 
represents dense accumulations of Eremophila sturtii and Dodonaea viscosa and not Mulga or 
Black Box. These three categories of the Thick Vegetation Landcover class could not be 
classified separately for the reasons previously discussed (see Sec 3.2.3). 
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Figure 4.13. Aerial Photograph Mosaic of the Bilby Enclosure 
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Figure 4.14 Supervised Classification of the Bilby Enclosure 
  65 
 
Figure 4.15 Reclassified Supervised Classification of the Bilby Enclosure 
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Figure 4.16 Majority Filtered Reclassified Supervised Classification of the Bilby Enclosure 
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Figure 4.17 Test Area 2 Landcover 
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Figure 4.18. Test Area 7 Landcover 
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Figure 4.19. Test Area 7 Landcover 
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The net area classified in each landcover class is shown in Table 4.12.  The change in area in 
each Class is due to the effect of three applications of the Majority Filter.  
 
Table 4.12. Change in Area of Landcover Classes 
Area (ha)  Landcover Class Initial Classification Majority Filtered X 3 Change Percent 
Claypan 274 153 -4.2% 
Red Soil 857 1407 +19.3% 
Shrubland 599 526 -2.6% 
Shrubland c dwd 510 228 -9.9% 
Thick Vegetation 611 538 -2.6% 
Total 2,851 2,852 0% 
 
 
4.3. Spatial Statistics 
The spatial associations of track features in the three study areas were explored to identify 
which bilby track signs were most suitable to use as evidence of bilby activity. The soil type 
and landcover class in which each feature was located was extracted as described in Section 
3.3.1. This information was used to calculate the track feature frequencies. Appendices VII, 
VIII and IX illustrate the pattern of tracking and feature location in the three study areas. 
 
4.3.1. Track Feature Landcover Associations 
4.3.1.1. Burrows 
The pattern of association of Burrows with Landcover Classes in the three Study Areas was 
extracted by Spatial Join analysis as described in Section 3.3.1 and the results are shown in 
Table 4.13.  Most burrows (62%) occurred in the Shrubland with Dead Wood landcover class. 
 
4.3.1.2. Scrapes, Scats and Footprints 
The distribution of Footprints, Scats and Scrapes was investigated.  Footprints were found 
mostly at the margin of claypans (66%) where the soil surface was soft or had been soft when 
previously wet (Table 4.14). Because the nature of the soil surface biased this evidence of 
bilby activity the footprint track features were not used any further in development of the 
model. 
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Table 4.13. Distribution of Burrows between Landcover Classes. 
Entrance Under 
Tree/Shrub
Area 2 
Clay pan 478        -             
Red soil 1 1 1 13,170   0.76           
Shrubland 3,543     -             
Shrubland c dw d 1 1 1 5,355     1.87           
Thick vegn 12,978   -             
Sub Total 1 1 1 1 2 35,524   
Area 4 
Clay pan 1 1 1 10,218   0.98           
Red Soil 20,205   -             
Shrubland 6,898     -             
Shrubland c dw d 5,015     -             
Thick vegn 18,480   -             
Sub Total 1 1 1 60,816   
Area 7 
Clay pan 18,403   -             
Red soil 14,320   -             
Shrubland 4,793     -             
Shrubland c dw d 1 1 1 1 2 13,272   1.51           
Thick vegn 1 1 1 12,535   0.80           
Sub Total 1 1 2 1 1 3 63,323   
Totals Mean Std Dev Normalised
Clay pan 1 0 1 0 0 1 28,621   0.35           0.57      1.70
Red soil 1 0 1 0 0 1 47,695   0.21           0.44      1.02
Shrubland 0 0 0 0 0 0 15,234   -             -        0.00
Shrubland c dw d 0 1 1 2 2 3 23,642   1.27           0.99      6.17
Thick vegn 1 0 1 0 0 1 43,993   0.23           0.46      1.11
Total 3 1 4 2 2 6 159,663 2.06           10.00
L_CVR
Entrance near 
Logs/Stump
Entrance 
near 
Logs/Stump 
Total
Reddish 
Brown
Yellow ish 
Brown
L_CVR Statistics
Frequency 
(Burrows 
/ha)
Entrance 
Under 
Tree/Shrub 
Total
Burrow Count at Micro_Locn and Soil Colour
Grand 
Total
Reddish   
Brown
Track 
Path Buf 
Area 
(sqm)
 
 
 
Table 4.14 Distribution of Footprints between Landcover Classes 
Hard
Hard 
Total Soft
Soft 
Total Hard
Hard 
Total Soft
Soft Total
Area 4
Clay pan 2 2 3 3 5 2 2 5 5 7 12 10,218       3.80           
Red soil 3 3 3 2 2 2 5 20,205       0.70           
Shrubland 1 1 1 1 6,898         2.09           
Shrubland c dw d 5,015         1.51           
Thick vegn 3 3 3 1 1 1 4 18,480       1.60           
Sub Total 6 6 6 6 12 2 2 8 8 10 22 60,816       
Area 7
Clay pan 6 6 6 1 1 1 7 18,403       6.64           
Red soil 1 1 1 1 14,320       1.74           
Shrubland 1 1 1 1 4,793         1.71           
Shrubland c dw d 1 1 1 1 1 1 2 13,272       1.09           
Thick vegn 2 2 2 2 12,535       1.93           
Sub Total 8 8 8 5 5 5 13 63,323       
Totals Mean
Clay pan 2 2 9 9 11 2 2 6 6 8 19 28,621       6.64           
Red soil 3 3 0 0 3 0 0 3 3 3 6 34,525       1.74           
Shrubland 1 1 1 1 2 0 0 0 0 0 2 11,691       1.71           
Shrubland c dw d 0 0 1 1 1 0 0 1 1 1 2 18,287       1.09           
Thick vegn 0 0 3 3 3 0 0 3 3 3 6 31,015       1.93           
Total 6 6 14 14 20 2 2 13 13 15 35 124,139     13.12         
Track 
Path Buf 
Area 
(sqm)
Many 
Total
Frequency 
(Foot Print 
Count/ha)
L_CVR
Foot Print Count by Density and Soil Surface
Grand 
Total
Few ManyFew 
Total
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 Scrapes and scats were often observed to occur together in the field. Table 4.15 shows the 
pattern of occurrence of these two features within five meters of each other.  
 
Table 4.15. Scrape/Scat Proximity Analysis 
Scrape - Scat Correlation 
Study 
Area 
No. of 
Scrapes 
No. of 
Scrapes with 
Scat near (1) 
Percentage 
scrapes with 
scats near 
No. 
of 
Scats 
No. of Scats 
not near (1) 
Scrape 
Percentage 
scats not 
near scrape 
2 18 17 94% 36 19 53% 
4 36 24 67% 56 32 57% 
7 22 18 82% 24 6 25% 
Totals 76 59 78% 116 57 49% 
(1) near = within 5 meters 
 
This shows that 78% of the scrapes had a scat within five meters of them while 50% of the 
scats were not within five meters of a scrape. This was because scats were more plentiful and 
they may have been deposited by the animals in the course of their travelling rather than while 
foraging for food.  
 
The distribution of scats and their association with different Landcover Classes is shown in 
Table 4.16. They were found mostly in Shrubland (32%) and in Thick Vegetation landcover 
(22%). 
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Table 4.16. Distribution of Scats by Landcover Class 
Fresh 
(dk)
Med Small Large Med Small Large Med Small Med Large Med Small Large Med
Area 2 
Clay pan 478        
Red soil 1 1 2 1 3 2 6 8 8 13,170   6.07     
Shrubland 1 1 1 1 1 1 3 1 1 1 1 2 5 3,543     14.11   
Shrubland c dw d 1 1 2 1 2 1 4 6 1 1 1 7 5,355     13.07   
Thick vegn 4 4 2 1 1 4 1 2 3 11 1 1 1 1 4 4 6 17 12,978   13.10   
Sub Total 7 2 9 2 2 1 5 3 8 3 14 28 2 2 2 2 5 5 9 37 35,524   
Area 4 
Clay pan 1 1 1 1 2 4 1 1 6 1 1 1 1 2 8 10,218   7.83     
Red soil 1 1 1 4 1 6 1 5 1 7 14 1 1 1 1 2 16 20,205   7.92     
Shrubland 1 1 2 1 1 4 2 2 7 1 1 1 1 2 9 6,898     13.05   
Shrubland c dw d 2 2 2 2 4 1 1 1 5 5,015     9.97     
Thick vegn 1 1 1 4 1 6 2 5 7 14 1 1 2 2 2 4 18 18,480   9.74     
Sub Total 3 1 4 5 12 5 22 3 15 1 19 45 3 3 1 4 5 2 1 3 11 56 60,816   
Area 7
Clay pan 1 1 2 2 1 1 2 2 4 18,403   2.17     
Red soil 1 1 1 1 2 4 4 7 7 14,320   4.89     
Shrubland 1 1 1 1 1 1 3 1 1 2 2 5 4,793     10.43   
Shrubland c dw d 4 4 4 2 2 2 6 13,272   4.52     
Thick vegn 1 1 2 2 3 3 12,535   2.39     
Sub Total 2 2 2 2 1 5 9 9 16 1 1 1 6 1 8 9 25 63,323   
Totals Mean Std Dev Norm.
Clay pan 1 0 1 2 2 2 6 0 1 0 1 8 1 1 0 2 1 3 0 0 0 4 12 28,621   4.19     4.00 1.06
Red soil 2 2 4 1 5 2 8 2 12 3 17 29 1 1 0 1 0 1 0 0 0 2 31 47,695   6.50     1.53 1.65
Shrubland 1 2 3 3 2 1 6 0 4 0 4 13 2 2 1 2 0 3 0 1 1 6 19 15,234   12.47   1.89 3.16
Shrubland c dw d 1 1 2 0 2 0 2 1 8 1 10 14 0 0 0 3 0 3 0 1 1 4 18 23,642   7.61     4.33 1.93
Thick vegn 5 0 5 3 5 2 10 3 7 0 10 25 2 2 1 4 0 5 2 4 6 13 38 43,993   8.64     5.48 2.19
Total 10 5 15 9 16 7 32 6 32 4 42 89 6 6 2 12 1 15 2 6 8 29 118 159,663 39.42   10.00
Old (lt grey)
L_CVR Statistics
Many 
Total
Scat Count by Density, Age and Size
Fresh (dk) Middle aged Old (lt grey)L_CVR
 Density = Few
Fresh 
(dk) 
Total
Middle 
Total
Grand 
Total Track 
Path 
Buf 
Area 
(sqm)
Freq 
(Scats 
/ha)
Old (lt 
grey) 
Total
Few 
Total
Middle 
Total
Old (lt 
grey) 
Total
Fresh 
(dk) 
Total
Density = Many 
Middle aged
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The strong correlation of scats with scrapes, the direct connection between scrapes and food 
gathering and the more restricted distribution of scrapes as shown in Table 4.17 suggested 
that scrapes were a better indication of bilby habitat than were scats.  
 
Table 4.17. Distribution of Scrapes between Landcover Classes 
Few Many Few Many
Area 2 
Clay pan 478           -              
Red soil 1 1 2 1 3 4 13,170      3.04             
Shrubland 1 1 1 1 2 3,543        5.65             
Shrubland c dw d 1 1 2 2 2 4 5,355        7.47             
Thick vegn 3 3 6 3 3 9 12,978      6.93             
Sub Total 6 4 10 2 7 9 19 35,524      
Area 4 
Clay pan 1 2 3 1 2 3 6 10,218      5.87             
Red soil 1 3 4 1 4 5 9 20,205      4.45             
Shrubland 1 3 4 3 1 4 8 6,898        11.60           
Shrubland c dw d 1 1 1 1 2 5,015        3.99             
Thick vegn 5 2 7 3 1 4 11 18,480      5.95             
Sub Total 8 11 19 9 8 17 36 60,816      
Area 7
Clay pan 1 1 1 1 2 3 18,403      1.63             
Red soil 2 2 1 2 3 5 14,320      3.49             
Shrubland 1 2 3 3 4,793        6.26             
Shrubland c dw d 1 1 3 2 5 6 13,272      4.52             
Thick vegn 1 1 2 2 2 4 12,535      3.19             
Sub Total 3 3 6 6 9 15 21 63,323      
Totals Mean Std Dev Normalised
Clay pan 1 3 4 2 3 5 9 28,621      3.14             3.03        1.21
Red soil 4 3 7 4 7 11 18 47,695      3.77             0.72        1.45
Shrubland 2 3 5 4 4 8 13 15,234      8.53             3.27        3.28
Shrubland c dw d 1 3 4 4 4 8 12 23,642      5.08             1.88        1.95
Thick vegn 9 6 15 3 6 9 24 43,993      5.46             1.94        2.10
Total 17 18 35 17 24 41 76 159,663    25.98           10.00
Frequency 
(Scrapes  
/ha)
L_CVR Statistics
L_CVR <100 mm >100 mm<100 mm 
Total
>100 mm 
Total
Scrape Count by Depth and Density
 Grand 
Total
Track 
Path Buf 
Area 
(sqm)
 
 
A comparison of the normalised frequency distribution of scats and scrapes for Landcover 
Classes (Table 4.18) shows that they have a similar distribution. Scrapes occurred primarily in 
Shrubland (33%) and Thick Vegetation (21%). 
 
Table 4.18. Comparison of Scat and Scrape Distribution 
 by Landcover Classes 
Scats Frequency 
Distribution 
Scrapes Frequency 
Distribution L_CVR 
Normalised Normalised 
Difference 
Clay pan 1.06 1.21 0.15 
Red soil  1.65 1.45 -0.20 
Shrubland 3.16 3.28 0.12 
Shrubland c dwd 1.93 1.95 0.02 
Thick vegn 2.19 2.10 -0.09 
Total 10.00 10.00 0 
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The distinctive form of bilby scats (Figure 4.20) allows positive identification of a bilby’s 
prior presence. Identification of past bilby presence from scrapes alone (Figure 4.21) is less 
certain because of the presence of numerous rabbit scrapes and the natural variation in the 
form of bilby and rabbit scrapes. Despite this uncertainty, bilby scrapes were used as the 
primary track feature for identifying bilby feed sites because of their direct association with 
feeding. 
 
4.3.2. Track Feature Soil Associations 
The association of track features with soil types in the three Study Areas was also extracted 
by Spatial Join analysis as previously described (Section 3.3.1). The results for burrows are 
shown in Table 4.19.  This shows that in the three Study Areas, all burrows were located in 
either Acidic Rudosol soils or Salic Rudosols with a strong preference for Acidic Rudosols. 
These results are tenuous because of the small sample size of 6 burrows. 
 
 
 
Figure 4.20 Left, Male and Female Scats. Right Female Scats in the field 
 
 
Figure 4.21 Left, Bilby Scrape. Right, Rabbit Scrape 
Male Female 
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Table 4.19. Distribution of Burrows between Soil Types. 
Area 2 
Acidic Rudosol 2 2 23,434      0.85           
Basic Rudosol 0 0 12,199      -             
Salic Rudosol 0 -            -             
Hydrosol 0 -            -             
Sub Total 2 2 35,633      
Area 4 
Acidic Rudosol 0 -            -             
Basic Rudosol 0 0 22,693      -             
Salic Rudosol 1 1 30,804      0.32           
Hydrosol 0 0 7,450        -             
Sub Total 1 1 60,947      
Area 7 
Acidic Rudosol 0 -            -             
Basic Rudosol 0 0 7,752        -             
Salic Rudosol 3 3 47,841      0.63           
Hydrosol 0 0 7,731        -             
Sub Total 3 3 63,324      
Total Mean Std Dev Normalised
Acidic Rudosol 2 2 23,434      0.85           -           6.27
Basic Rudosol 0 0 42,644      -             -           0.00
Salic Rudosol 4 4 78,645      0.51           0.31         3.73
Hydrosol 0 0 15,181      -             -           0.00
 Total 6 6 159,904    1.36           10.00
Soil Type
Track 
Path Buf 
Area 
(sqm)
Frequency 
(Burrows 
/ha)
Soil Statistics
Burrow 
Count
Grand 
Total
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The association of scrapes with soil types is given in Table 4.20.  
 
Table 4.20. Distribution of Scrapes between Soil Types. 
Few Many Few Many
Area 2 
Acidic Rudosol 4 4 8 1 4 5 13 23,434      5.55           
Basic Rudosol 2 2 1 3 4 6 12,199      4.92           
Salic Rudosol -            -             
Hydrosol -            -             
Sub Total 6 4 10 2 7 9 19 35,633      
Area 4 
Acidic Rudosol -            -             
Basic Rudosol 2 3 5 4 3 7 12 22,693      5.29           
Salic Rudosol 5 6 11 5 5 10 21 30,804      6.82           
Hydrosol 1 2 3 3 7,450        4.03           
Sub Total 8 11 19 9 8 17 36 60,947      
Area 7 
Acidic Rudosol -            -             
Basic Rudosol 1 1 1 1 2 7,752        2.58           
Salic Rudosol 2 3 5 5 9 14 19 47,841      3.97           
Hydrosol 7,731        -             
Sub Total 3 3 6 6 9 15 21 63,324      
Total Mean Std Dev Normalised
Acidic Rudosol 4 4 8 1 4 5 13 23,434      5.55           -            3.21
Basic Rudosol 5 3 8 6 6 12 20 42,644      4.69           1.47          2.71
Salic Rudosol 7 9 16 10 14 24 40 78,645      5.09           2.01          2.94
Hydrosol 1 2 3 0 0 0 3 15,181      1.98           -            1.14
 Total 17 18 35 17 24 41 76 159,904    17.30         10.00
Soil Type
Track 
Path Buf 
Area 
(sqm)
Frequency 
(Scrapes  
/ha)
Soil Statistics
<100 mm <100 mm 
Total
>100 mm >100 mm 
Total
Scrape Count at Depth (mm) and Density Grand 
Total
 
The data are based on 76 scrape records for the three study areas. The highest occurrence of 
scrapes occurred in the Acidic Rudosol soils followed by Salic Rudosols and Basic Rudosols. 
The frequency in Acidic Rudosols is tenuous because of the inclusion of only one sample site 
with Acidic Rudosol soil.  
 
4.4. Modelling 
4.4.1. Burrow Sites 
4.4.1.1. Burrow Site Test Areas 
The normalised frequency distributions for burrows with soil types and landcover classes, 
developed in the previous section, were modified by setting the frequency function for clay 
pan landcover to zero and renormalising the remaining landcover frequency values. These 
adjusted normalised values were used as Class Weights in the Weighted Sum calculation to 
predict the priority for location of burrow sites.  The small differences between burrow soil 
frequencies and burrow soil class weights are due to slightly different data sets and don’t 
affect the model results. 
 
The Layer Weights were selected based on sensitivity analyses of integer combinations of 
weights. Classification Break values were selected by modifying computer assigned Jenks 
Natural Breaks values to minimise the area classed as high priority while retaining inclusion 
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of the largest number of target features. Table 4.21 summarizes the Layer Weights, Class 
Weights and Manual Break Values that optimized the prediction of potential burrow habitats. 
 
Table 4.21. Burrow Site Weighted Sum Calculation Values. 
Layer Weight Habitat Class  Break Values 
Soil Type 1 Low priority 0 - 4 
Landcover Class 2 Medium priority 4 - 14 
  High priority 14 - 21 
    
Soil  Type Class Weight Landcover Type Class Weight 
Hydrosol 0 Clay pan 0 
Salic Rudosol     3.58 Red Soil 1.54 
Basic Rudosol              0 Shrubland 0 
Acidic Rudosol     6.42 S’land c dwd1 6.83 
  Thick Vegetation 1.63 
Check Total 10.00 Check Total            10.00 
1. Shrubland with Dead Wood 
 
The results of the Weighted Sum calculations for Burrow Sites for study areas 2, 4 and 7 are 
shown in Figures 4.22, 4.23 and 4.24 respectively. The buffer around each burrow’s location 
(shown in the detail inserts in each Figure) represents the area in which the actual burrow may 
lie. 
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Figure 4.22. Burrow Site Priority Areas in Study Area 2. 
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Figure 4.23. Burrow Site Priority Areas in Study Area 4. 
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Figure 4.24. Burrow Site Priority Areas in Study Area 7.
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4.4.1.2. Burrow Site Validation Areas 
The Model values for predicting burrow sites (Table 4.21) were tested on 5 validation areas. 
The WS calculation was run on the soil type and landcover type data for each of the validation 
areas using the frequencies developed from study areas 2, 4 and 7 as class weights (Table 
4.21).  The accuracy of the results was determined by spatially joining them with the burrow 
site data and analysing the priority of the joined polygons that fell within each burrow’s 
precision zone. No burrows were located in Areas 3 and 8. The results in Table 4.22 are for 19 
burrow locations in three different validation areas. The model predicted burrow locations 
with an 84% accuracy for high priority sites.  
 
Table 4.22. Model Accuracy of Burrow Prediction. 
Predicted priority of Burrow sites 
  
Evaluation 
Areas 
High Std Dev  Medium Std Dev   Low  Std Dev  Total 
1 0  1  0  1 
3 0  0  0  0 
5 10  0  1  11 
6 6  0  1  7 
8 0  0  0  0 
Totals 16 4.60  1 0.45  2        .55  19 
Percent 84%  5%  11%  100% 
   
Figures 4.25, 4.26 and 4.27 illustrate the results of these predictions graphically. These results 
show that only a small fraction of the overall area appears suitable for burrow construction. 
Areas containing Acacia aneura (Mulga Zone) and selected areas within the Black Box Zone 
appear to have higher concentrations of high priority burrow site habitat. 
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Figure 4.25 Predicted Burrow Sites, Validation Area 1 
  84 
 
Figure 4.26 Predicted Burrow Sites, Validation Area 5 
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Figure 4.27 Predicted Burrow Sites, Validation Area 6 
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4.4.2. Feed Sites 
4.4.2.1. Feed Site Test Areas 
The normalised frequency distributions for feed sites (scrapes) with soil types and landcover 
classes, developed in the previous section, were modified by resetting the Hydrosol and Clay 
pan frequencies to zero and renormalising the frequencies for the remaining classes. This was 
done to apply a discrimination function against Hydrosols and Claypans. The adjusted 
frequencies were used as Class Weights in a Weighted Sum calculation to predict the location 
of feed sites. The Layer Weights, Class Weights and Manual Break Values that were found to 
optimize the prediction of potential feed site habitats are shown in Table 4.23. 
 
Table 4.23. Feed Site Weighted Sum Calculation Values. 
Layer Weight Habitat Class  Break Values 
Soil Type 1 Low priority 0 - 6 
Landcover Class 2 Medium priority 6 - 7 
  High priority 7 - 10 
    
Soil  Type Class Weight Landcover Type Class Weight 
Hydrosol 0 Clay pan 0 
Salic Rudosol 3.24 Red Soil 1.65 
Basic Rudosol 3.09 Shrubland 3.73 
Acidic Rudosol 3.66 S’land c dwd1 2.22 
 
 Thick Vegetation 2.39 
Check Total 10.00 Check Total 10.00 
1. Shrubland with Dead Wood 
 
The results of the Weighted Sum calculations for Feed Sites for Study Areas 2, 4 and 7 are 
shown in Figures 4.28, 4.29 and 4.30 respectively. The buffer around each feed site’s location 
(see detail inserts in each Figure) represents the area in which the actual scrape feature may 
lie. 
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Figure 4.28 Feed Site Priority Areas in Study Area 2 
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Figure 4.29 Feed Site Priority Areas in Study Area 4 
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Figure 4.30 Feed Site Priority Areas in Study Area 7
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4.4.2.2. Feed Site Validation Areas 
The Model values for predicting feed sites were tested on 5 validation areas. The WS 
calculation was run using the soil type and landcover class data for each of the validation 
areas using the weighting values (Table 4.23) developed from study areas 2, 4 and 7.  The 
accuracy of the results was determined by spatially joining them with the feed site data and 
analysing the priority of the joined polygons that fell within each feed site’s precision zone. 
The results (Table 4.24) are for feed site locations in five different validation areas. The 
model predicted feed site locations with an 80.5% accuracy for high priority sites.  
 
Table 4.24. Model Accuracy of Feed Site Prediction. 
Predicted priority of Feed sites 
  
Evaluation 
Areas 
High Std Dev  Medium Std Dev   Low  Std Dev  Total 
1 14  0  3  17 
3 18  1  1  20 
5 6  2  0  8 
6 27  6  0  33 
8 5  1  3  9 
Totals 70 9.08 10 2.35  7        1.52  87 
Percent 80.5%  11.5%  8%  100% 
   
Figures 4.31, 4.32, 4.33, 4.34 and 4.35 illustrate the results graphically for validation areas 1, 
3, 5, 6 and 8 respectively. They show the diffuseness of the feed sites in the general 
landscape. Feed sites do not occur in clay pans zones, occur to a small extent in the Clear 
Zone, occur more frequently in the Shrubland Zone and occur most frequently in the Mulga 
and Black Box Zones. Their pattern of occurrence illustrates the intermingling of feed site 
habitat throughout the different vegetation zones. This may reflect the opportunistic behaviour 
of the bilbies as “generalist omnivores”. 
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Figure 4.31 Predicted Feed Sites, Validation Area 1 
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Figure 4.32 Predicted Feed Sites, Validation Area 3 
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Figure 4.33 Predicted Feed Sites, Validation Area 5 
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Figure 4.34 Predicted Feed Sites, Validation Area 6 
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Figure 4.35 Predicted Feed Sites, Validation Area 8 
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4.5. Combined Habitat Map  
The separate modelling of burrow sites and feed sites was predicated on the assumption that 
these were the two primary determinants of suitable bilby habitat (Sec 3.3.2).  To obtain an 
overall picture of bilby habitat suitability in the BE, the burrow site priorities were combined 
with the feed site priorities and reclassified according to the following schema (Table 4.25). 
 
Table 4.25. Schema for Combined Habitat Suitability. 
Burrow Site Feed Site Combined Site 
H H H 
H M M 
M H M 
M M L 
M L L 
L M L 
L L L 
 
An example of the Combined Habitat Suitability priorities for Test Area 4 is shown in Figure 
4.36. The overall pattern of Combined Habitat Suitability for the entire BE is shown in Figure 
4.37. The area and percentage of the BE in each category is given in Table 4.26. The results 
show that 140 ha out of 2,852 ha (5%) were highly suited for burrow construction and 858 ha 
(30%) were highly suited for feed sites. The high priority areas suitable for burrows also 
contained suitable feed sites resulting in a net area of high suitability of 140 ha (5%) in the 
2,852 ha enclosure. The 140 ha suitable as burrow and feed sites were supplemented by an 
adjoining 710 ha (25%) that were suitable as feed sites. This resulted in an additional 270 ha 
(9.5%) being ranked as of medium priority for bilby habitat suitability. 
 
Table 4.26 Summary of BE Habitat Suitability by area (ha) 
 and percentage of the enclosure. 
Burrow Sites Feed Sites Combined Sites Priority 
Area (ha) % Area (ha) % Area (ha)  % 
High 140 4.9% 858 30.1% 140 4.9% 
Medium 1,005 35.2% 710 24.9% 270 9.5% 
Low 1,707 59.9% 1,284 45.0% 2,442 85.6% 
Totals 2,852   2,852   2,852   
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Figure 4.36. Combined Habitat Suitability for Test Area 4 
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Figure 4.37. Combined Habitat Suitability for Bilby Enclosure. 
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4.6. Conclusion 
 This Section provided details of the knowledge base that was developed about the natural 
resources of the BE, the activities of the bilbies in eight study areas within the enclosure and 
the use of this information to predict further suitable bilby habitat.   
 
Soil profiles were analyses at 38 sites and this information was used to classify the soil types 
in the enclosure according to the Australian Soil Classification System and to map the 
location of the soil types. Aerial photographs were used to classify and map the landcover into 
five landcover classes. The location of bilby activities was recorded by differential GPS. 
 
GIS techniques were used to identify associations between bilby activities and types of soil 
and landcover classes. These relationships formed the basis for a Weighted Sum overlay 
operation to predict the priority of new areas for feeding and resting sites for bilbies. The 
accuracy of these predictions was tested on five validation areas. Overall habitat suitability 
was identified by combining and reclassifying feeding and resting site priorities. 
 
The interpretation, application and limitations of these findings are explored and discussed in 
the light of previous research in the next Section. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  100 
CHAPTER FIVE 
 
DISCUSSION 
This section reviews the performance of the bilby habitat suitability model in the light of 
other habitat suitability models and provides a discussion of the strengths and weaknesses of 
the model and its data sources. The previous section presented the results of the development 
of a two layer habitat suitability model for bilbies in the BE at CNP.  It is based on combining 
a burrow habitat model with a feed sites habitat model.  Both models were determined by a 
weighted sum overlay computation using field data for the frequency of burrows and feed 
sites in different soil types and landcover classes. The spatial patterning of these predictors is 
discussed. 
 
These results are tentative because of the small burrow sample size used for the model and the 
limiting effect of low spectral resolution of the aerial photograph images on classification. 
Options for overcoming these limitations are discussed along with recommendations for 
construction of a more robust model. 
 
5.1. Soils 
5.1.1. Soil Types 
The 38 soil sample results (Table 4.1 and Appendix VI) provide a comprehensive base of 
information about the soils in the BE. In the absence of any previous ASC system 
classification of the soils of CNP or the BE, the classification in Table 4.7 is a new 
classification for this area. These results are consistent with recent sampling at a series of 
wetland sites in CNP (Kelly Bryant pers. comm.12). QDERM staff identified halic and 
hypersalic Rudosols (near Lake Numalla) and stratic Rudosols (near Lake Kapoonyee). At 
other sites that had poor drainage, they classified the soils as Hydrosols. 
 
In this study, the soils of the clay pans were classified as Salic Hydrosols because they were 
poorly drained for long periods, showed ‘gley’ colours, were highly saline as evidenced by 
their high EC and pH and had a sparse cover of halophytic vegetation. The pedalogic 
organisation in the soils decreased laterally and with elevation from the clay pans. At the crest 
of the dunes the soil was a reddish brown sandy earth with negligible pedalogic organisation. 
The first group of soils, outward from the clay pans, was classed as Salic Rudosols because 
they had a red-brown sandy A horizon with low pH and EC and a distinct B horizon of 
                                                 
12
 Kelly Bryant, Soil Scientist, QDERM, Brisbane, Qld. Email: kelly.bryant@nrw.qld.gov.au 
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yellow-brown sandy clay with higher pH and EC. The next group of soils extending outward 
from the Salic Rudosols was Basic Rudosols which were characterised by being mostly 
undifferentiated with depth, having a pH between 6 - 7 throughout the profile, an EC of < 100 
µS at the surface which increased down the profile and a vertical profile that became more 
loamy with depth. The surface of these soils contained a distinct arenic pattern. They were 
classed as basic due to the lack of strong acidity. The soils furthermost from the clay pans and 
at the highest elevation (dunal crests) were classed as Acidic Rudosols because they were 
undifferentiated with depth, had an acidic (pH 5-6), and were composed of reddish brown 
sandy earth throughout the profile. The EC at the surface was <100 µS and it did not increase 
with depth. The soil had a firm surface crust but was otherwise weak and without structure. 
After auguring through the upper 10 cm the remaining profile to 70 cm could be excavated by 
hand.  
 
Each soil type was found to exhibit a characteristic association with the plant communities 
(Vegetation Zones) on it. The relationship between soil parameters and Vegetation Zones 
(Fig. 4.1 to 4.9) revealed the following: 
 
i. Mulga Zone communities preferred the lowest pH of 5-6, Shrubland grew where the 
pH was 5-7 and the Clear Zone and Black Box Zone (fringing vegetation) existed 
where the pH was 6-9 in the surface layers. All vegetation zones appeared relatively 
tolerant of high pHs with depth except Mulga. Clay pans always had a higher pH than 
neighbouring zones (Figs 4.1 and 4.2). 
ii. All vegetation zones had a low EC (<100  µS) in the surface soil except Clay Pans. 
Shrubland, the Clear Zone and Black Box Zones tolerated an increased EC with depth 
(Figs. 4.3 and 4.4). 
iii. Mulga and Shrubland Zones occurred mostly on fine sand, silt or silty loam textured 
soils. Black Box Zone vegetation appeared tolerant of surface soil textures ranging 
from fine sand to loam. This did not change significantly with depth. Clay Pans 
always had a clay loam or clay soil texture (Figs. 4.5 and 4.6). 
iv. The predominant soil colour was reddish brown for all zones except Clay Pans where 
it ranged from yellowish red to dark brown (Figs. 4.7 and 4.8). 
v. Within the Shrubland Zone (Basic and Acidic Rudosol soils), sandier textured soils 
had a lower EC than more strongly textured soils (Fig. 4.9). 
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5.1.2. Soil Mapping 
The absence of an NIR band in the aerial photographs precluded producing a Brightness band 
by Tasselled Cap Transform (Kauth &  Thomas 1976). This precluded image based 
classification of soil types. Mapping of soil types was done by heads-up digitising as 
described in Section 3.2.1. This approach can lead to inaccuracies at the margins between 
different soil types but this was not considered a problem for habitat modelling in this study 
because the boundaries between different orders of Rudosol soils were very gradual.  
 
Mapping of soil types would have benefited from the use of a digital elevation model (DEM). 
Attempts were made to use the DEM of the Cooper Basin (that included the BE) (Geosciences 
Australia 2009) but the elevation data were inconsistent with the observable clay pan features 
and was not used. 
 
The map of the soils of the BE (Fig 4.10) shows a distinct east-west patterning for all soil 
types. Acidic Rudosols comprised the smallest area of the enclosure (2.8%) followed by 
Hydrosols (19.1%), Salic Rudosols (35.7%) and the largest area of soil was occupied by Basic 
Rudosols (51.4%) (Table 4.8). These results contrast markedly with the only other 
comparable results of 5.2% of the area classified as clay pan by the Queensland Herbarium 
and 14.3% of the area reported to be clay pan by Mayhew (2006, p. 11) 
 
Bilbies did not burrow in Hydrosols. Table 4.9 shows that, with one exception, the soil near 
bilby burrows was acidic, of low EC and had a silty loam or fine sandy texture. It had no 
internal structure, was either of weak strength or had no strength and was free from calcrete 
nodules. The exception was soil sample 35 near burrow 13. This burrow was in a complex of 
rabbit burrows under a Melaleuca densispicata bush (Fig 4.12). Prior radio tracking in 2006 
had confirmed that bilbies were using a burrow in this complex (McRae pers. comms. 
16/07/08) and fresh bilby scats were located in the run-way in July 2008. It was not a burrow 
dug de novo by the bilbies. The high pH and EC were ascribed to the presence of calcrete 
nodules that can be seen on the soil surface in Figure 4.12. 
  
Silcock (2005, pp. 103-113) described the landform and surface soil characteristics where M. 
densispicata grew in the BE. Her records do not mention calcrete particles and no soil test 
results were reported. Because of this, they don not provide any reference points for 
comparison with this study. 
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In this study, calcrete particles were frequently found in association with M. densispicata 
although no formal records were kept of this association. The pH and EC of calcrete particles 
were tested in the field and confirmed to be very high. The presence of calcrete particles is 
considered the most likely cause of the soil having a high pH and EC and outside the range of 
values found in soils adjoining other burrow sites. This finding suggest that while bilbies may 
choose not to dig de novo burrows in soils of high pH and EC, these factors do not deter them 
from opportunistically using existing rabbit burrows in such soils. Burrow 13 mapped in a 
low priority habitat suitability zone. This is consistent with it being an abnormal burrow 
location. 
 
Mayhew (2006, p. 65) reported that all 58 burrows in her study were in sandy soils,  with 64% 
“located in shrubland with less found in Mulga and eucalypt habitats”.  Her study did not 
provide further identification of the soil types in which the burrows were located. Her results 
appear inconsistent with the findings of this study, which found that the four of eight soil and 
vegetation types closely associated with burrows were Acidic and Basic Rudosol soils 
supporting Acacia species as the upper-storey species and Eremophila or Dodonaea species 
as the mid-storey species. A possible explanation for the difference is the lack of consistency 
in the description of vegetation communities between the two studies. In this study, the 
primary emphasis on locating burrows was given to soil type because it is the material into 
which bilbies have to dig to create a burrow. The alternative view is that they can dig burrows 
in a variety of soils subject to the location of the burrow being close to feed sites that may 
depend more on the vegetation community than on soil type. 
 
5.2. Landcover Classification 
The RE of the Mulga Lands Bioregion mapped by the Queensland Herbarium for the BE (Fig 
2.6 and Table 2.4) were considered for use in this study. However, the dominant REs that they 
mapped for the BE are not appropriate because the BE contains a different community of 
species from the mapped REs shown in Table 4.15. Only one Herbarium RE is relevant, the 
subdominant category 6.3.11. Its location is not shown by the herbarium mapping because it 
is subdominant and their mapping does not record the position of subdominant categories 
separately from the dominant categories.  
 
Landsat 7 (ETM+) 2003 imagery was considered as a source for classifying the Vegetation 
Zones of the BE. It proved unsuitable because the generalisation due to the pixel resolution of  
25 m obscured landcover detail in large areas of the enclosure. 
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Landcover classification was based on the mosaiced aerial photograph image. It resulted in 
the classes shown in Table 4.11. The Thick vegetation landcover class included three different 
types of vegetation that could not be separated during the classification with ERDAS Imagine. 
Dense stands of Eremophila, Black Box and Mulga had overlapping radiance histograms as 
shown in Figure 5.1. The overlap of the histograms in all three bands prevented classifying 
these vegetation types separately.  
 
Classification initially produced a very speckled raster (Fig 4.14 and 4.15). Speckling was 
reduced by majority filtering (Fig 4.16). However, as can be seen in Figure 4.15 (refer detail 
insert) while it produced an accurate pattern of landcover classes it did not produce a clear 
pattern of vegetation zones. Further filtering was not done because it degraded the accuracy as 
discussed in Section 5.4.2. 
 
5.2.1. Habitat 
Bilby habitat was located and analysed based on bilby tracks as discussed in Sections 3.2.2 
and 3.3.1. Footprints could be detected easily (Figure 2.10) and provided a good indication of 
recent bilby activity. Table 4.12 shows that the highest frequency of footprints was recorded 
in the Clay Pan landcover class (66.4%) with less than 20% in other landcover classes. The 
footprints in clay pans were mostly at the margins of the clay pan features. This suggests they 
were left by the animals when they were travelling around the clay pans when the central part 
contained water and the edges were soft and impressionable. They were not used for further 
analysis in this study because their existence was biased by the availability of soft soil. 
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Figure 5.1. Histograms for dense Eremophila (red), Black Box (Green) and Mulga (Blue) 
 
 
Band 1 Red 
Band 2 Green 
 
Band 3 Blue 
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Bilby scats (Figure 2.11), while distinctive, were partially obscured by the large number of 
rabbit scats in the BE and scrape digging by bilbies. The association of bilby scats with bilby 
scrapes is discussed in Section 2.3.3. Table 4.18 confirms the close association of scat and 
scrape frequency in each landcover class. Scats served as a useful guide to assist in 
distinguishing bilby scrapes from rabbit scrapes. They were not used as a predictor variable 
because they were spatially redundant with scrapes. The data in table 4.15 shows that scrapes 
were more likely to have a scat within 5 m of them (78%) than scats were likely to have a 
scrape near them (57%). Burrows and scrapes were the signs used in identifying bilby 
environmental predictor variables. 
 
5.2.2. Burrows 
A data set of 30 burrows was used for this study. It was comprised of 21 burrows that were 
located by physical tracking and recorded during the two field trips in 2008 and 9 burrows 
that had been recorded previously by radio tracking. Mayhew (2006) recorded 59 burrow 
locations by radio tracking in 2005-06. Some of these were located in or within 100m of the 
Release Pen (Figure 3.2).  Inspection of these sites in July and September 2008 showed that 
most were no longer used by bilbies. All 30 burrow records used in this study were of 
burrows that showed evidence that they were in active use by bilbies at the time the other 
tracking activity data was collected. 
 
The frequency of association of burrows with soil types and landcover classes was extracted 
by the procedures described in Section 3.3.1. The results (Table 4.13) show the highest 
association with the Shrubland with Dead Wood landcover class (61.7%) followed by lower 
frequencies for all other classes. The frequency of 17% of burrows in Clay Pan landcover is 
not supported by field record data. No burrows were recorded in physical clay pans in the 
field. This anomaly may be explained by recognizing that exposed red soil areas littered with 
white calcrete particles may generate histograms that were similar to clay pan histograms and 
thus become classified as Clay Pan landcover, although they were not Clay Pans. Figure 5.2 
illustrates such an area. Burrow 13 (Figure 4.2) is an example of a burrow located in an area 
of red soil containing calcrete particles. The class weight for burrows in claypans was set to 
zero and the other frequencies adjusted proportionately. 
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Figure 5.2 Open red soil area showing extensive calcrete nodules 
(Photo E. Dunwoody 16-7-08) 
 
Table 4.19 shows that, by classification, 63% of the burrows occurred in Acidic Rudosol and 
37% in Salic Rudosol soil areas. However, based on an analysis of soil profiles adjoining 
burrows (Table 4.14) only one of six burrows was in Acidic Rudosol soil, four of six were in 
Basic Rudosol and one of six was in Salic Rudosol soil. Neither the model analysis sample 
nor the soil analysis sample (each of six burrows) is large enough from which to draw a firm 
statistical conclusion. 
 
These results differ from Mayhew’s findings in that this study found most burrows in the 
Shrubland with Dead Wood landcover class and in Acidic Rudosol soils followed by Salic 
Rudosol soil types whereas Mayhew recorded most burrows in Shrubland (2006, p. 60). This 
may be explained by her description of Shrubland as including both the landcover classes of 
Shrubland and Shrubland with Dead Wood. Her study did not distinguish burrows by soil 
type. 
 
Both Southgate (2005, p. 45) and Mayhew (2006, p. 66) reported that bilbies preferred 
burrowing “near logs or under bushes” which is consistent with the findings of this study of 
most (68%, Table 4.21) burrows occurring in the Shrubland with Dead Wood Landcover 
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class. It may be possible to more accurately distinguish this landcover class in the future by 
the use  of Coops and Catling’s (1997) Modified Local Variance Habitat Complexity method. 
 
5.2.3. Feed Sites 
Scrapes have traditionally been used as the primary source of evidence of feed sites in bilby 
habitat studies. Gibson (2001) and Southgate and Carthew (2006, p. 507) documented the 
varied diet of bilbies (Section 2.3.1). While some food sources such as Cyperus bulbosus 
bulbs and subterranean ants and termite have to be dug out of the ground and thus require 
scrapes, other food sources such as the seeds of Yakirra australiense and Dactylotenium 
radulans, grasshoppers and above ground ants and termites do not require bilbies to dig 
scrapes. The use of scrapes as an indication of feed sites for bilbies may therefore not 
represent bilby feed sites accurately. However, they were used in this study in the absence of 
clearer evidence of feeding activity. 
 
Scrapes were identified and recorded as outlined in Section 3.1.3 and the frequencies were 
extracted as described in Section 3.3.1. The results for landcover classes (Table 4.17) revealed 
that the highest frequency of scrapes occurred in Shrubland (33%) followed by Thick 
Vegetation (21%) landcover classes.  This data meets the recommendations of Mayhew 
(2006, p. 89) to measure the amount of foraging in each habitat type. It also confirms 
Mayhew’s observation, based on opportunistic sampling, that scrapes were more abundant  in 
shrublands and eucalypt fringes (2006, p. 87). 
 
The classified record of scrapes in Clay Pans is probably in error for the reasons outlined in 
Section 5.2.2 for burrows in Clay Pans. The clay pan scrape frequency was reset to zero and 
the remaining frequencies readjusted before using them as weights in the Weighted Sum 
calculation.  
 
The size (depth) and density of scrapes was also recorded and extracted by landcover class 
(Table 4.17). This information was not analysed statistically because it was not needed to 
construct the habitat suitability model. Mayhew (2006, p. 87) reported clumping of scrapes in 
shrubland and eucalypt fringes (Black Box). Inspection of the results from the three study 
areas in this study (76 scrapes) do not indicate evidence of clumping for scrapes less than 100 
mm in depth (18 versus 17) and only slight evidence of clumping for scrapes greater than 100 
mm in depth (24 versus 17). This difference may be due to a difference in recording methods. 
Solitary scrapes were not recorded as a feed site in this study as such scrapes may have been 
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only exploratory. Feed sites were recorded only when a group of scrapes were present. Feed 
sites that had less than 5 scrapes/field of view were recorded as Few and sites that had 5 or 
more scrapes/field of view were recorded as Many. There was a higher proportion of shallow 
scrapes (<100 mm) than deep scrapes (>100 mm) in Thick Vegetation than in other landcover 
classes. 
Acidic Rudosols had the highest frequency of scrapes (32%) of all soil types (Table 4.25), 
This finding should be treated cautiously as it is based on sampling from only one site with 
Acidic Rudosol soil (Area 2). Salic Rudosols had a 29% scrape frequency and Basic Rudosols 
with 27% scrape frequency. The classification of 11% of scrapes in clay pans is probably in 
error for the reasons given in Section 5.2.2. Scrape frequency was reset to zero and the 
remaining were readjusted before using them as class weights in the Weighted Sum 
calculation. 
Mayhew did not report scrape occurrence by soil type and did not sample in Mulga Zones 
(2006, p. 88). The influence of soil density on feed site selection was not investigated in this 
study. Mayhew reported that fringe eucalypts (Thick Vegetation landcover, Black Box Zone) 
had lower density soils than Clear Zone soils (Forb land) or Shrubland Zone soils. She 
suggested that this lower density might have encouraged more foraging in the eucalypt area. 
However, it is considered unlikely that bilbies would dig multiple scrapes in one area without 
obtaining the reward of food. 
 
5.3. Habitat Suitability 
5.3.1. Burrow Habitat 
The suitability of an area for burrow habitat was evaluated using the procedures outlined in 
Section 3.3.1 and the values in Table 4.2.1. The results (Table 4.2.2) predict burrow habitat 
suitability with 84% accuracy for high priority sites (Figures 4.25 – 4.27). These sites occupy 
140 ha or 5% of the BE. They are predominantly located in the Mulga and Black Box 
Vegetation Zones. The results are compounded by the large number of rabbit warrens in the 
enclosure and the bilbies opportunistic use of these warrens. Microhabitat in the Black Box 
Zone is very variable as evidenced by variations in soil type and landcover classes within this 
zone. Some areas contain secondary sand dunes at the windward margin of the Clay Pan and 
Black Box Zones. These areas have proven attractive as bilby burrow sites. An example is 
burrow 19 (Figure 2.13) that was located in a secondary sand dune (Figure 5.3). This may 
explain why some Black Box Zones have a higher frequency of high priority burrow sites 
than other areas. 
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Figure 5.3 Secondary Sand Dune with Black Box, Eremophila and Forb Vegetation 
(Photo E Dunwoody 16-07-08) 
5.3.2. Feed Site Habitat 
High priority feed sites were found to occupy 858 ha or 30% of the BE (Table 4.26) using the 
procedures outlined in Section 3.3.1 and the values in Table 4.23. The results (Table 4.24) 
predict high priority feed site suitability with 80.5% accuracy (Figures 4.31 – 4.35). The 
results show that feed sites are spread widely throughout the enclosure. These findings 
confirm the original selection of the area as being suitable bilby habitat. The findings are also 
consistent with Gibson’s (2001) findings that bilbies  were “qualitatively opportunistic” and 
“dietary generalists” (Sec. 2.3.1). Inspection of Figures 4.31 – 4.35 shows that while feed sites 
were wide spread throughout the BE, they were least frequent in Clay Pan  and Clear Zones 
and less frequent in  Shrubland Zones than in the Thick Vegetation Zones (Mulga and Black 
Box). This is in agreement with Mayhew’s findings (2006, p. 87) that scrapes were less dense 
in Forbland (Clear Zone) and more dense in eucalypt fringes and Shrubland.  
 
5.3.3. Combined Habitat Suitability 
Burrow and feed site priorities were combined as described in Section 3.3.2 and the results are 
provided in Table 4.26 and illustrated in Figures 4.36 and 4.37. One hundred and fifty 
hectares or 5% of the BE was ranked high priority for both burrowing and feeding by bilbies. 
A further 270 ha or 10% was ranked asmedium priority. These results show that all of the 
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high priority burrow site areas overlay high priority feed site areas and that 270 ha of high 
priority feed sites were contiguous with medium priority burrow sites. Given the availability 
and wide spread dispersion of combined high priority sites, it was consider that the bilbies 
would not use lower priority sites other than opportunistically. The estimate of 5% of the area 
containing combined high priority sites is probably realistic because, although it does not 
include high priority burrow sites that were within burrow range (100 m or 400 m for females 
and males respectively) of high priority feed sites, no high priority burrow sites were excluded 
due to the absence of matching feed sites.   
 
The wide variety of habitat models makes a side-by-side comparison of these results with 
other model results difficult. There were no other model results for bilby habitats with which 
to contrast these results. Comparison with results for other species show that these results are 
of comparable accuracy. Table 5.1 summarizes predictive accuracies obtained in other 
cartographic habitat suitability modelling studies as described in Section 2.4.2. 
 
Table 5.1. Summary of Cartographic Animal Habitat Suitability Model Results.  
Author and date Species and Location Data type and 
Cartographic model type 
Accuracy 
(Gibson, Wilson &  
Aberton 2004) 
Swamp Antechinus 
Victoria, Australia 
Habitat complexity and 
elevation. 
Logistic regression, 
 
91% for 11.7% of 
study area 
(Store &  Kangas 
2001) 
 
 
Skeletocutis odora 
Finland 
Vegn. and soil parameters. 
MCE, Expert knowledge, 
arithmetic overlay 
 
83% 
(Carter, Stolen &  
Breininger 2006) 
 
 
Florida Blue Jay 
Florida, USA 
Eleven landscape variables. 
MCE, Expert knowledge., 
ArcGIS arithmetic 
70% 
(Dayton &  
Fitzgerald 2006) 
 
 
Four amphibian 
species 
Texas, USA 
Soil type, slope and 
elevation. 
MCE, multiplicative 
 
89% -59% for 4 
species 
(Pasher, King &  
Lindsay 2007) 
 
 
Hooded Warbler, 
Ontario, Canada  
Brightness, 
Maximum likelihood 
classification and Logistic 
regression 
MLC = 62% 
LR = <62% 
 
 
(Poirazidis et al. 
2004) 
 
Eurasian Black Vulture 
Greece 
Vegn., Geomorphologic, 
Tree variables. 
Logistic regression and 
Bayesian probability 
91% 
This Study Greater Bilby 
Queensland , Australia 
Soil type and Landcover 
variables. 
MCE, Empirical knowledge, 
Weighted Sum 
84% for 5% of 
study area 
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5.4. Precision and Accuracy 
5.4.1. GPS Accuracy 
In order to identify the environmental features that bilbies depend upon for burrowing and 
feeding it was considered desirable to maintain a high level of accuracy and precision in all 
field measurements. The aerial photographs (Fig 4.13) recorded landcover at a map scale of 
1:38,000 and a pixel size of 0.6682 m. This allowed classification discrimination sufficient to 
distinguish environmental variables within the burrow range for female bilbies (3 ha, Sec 
2.3.3). 
 
Shutting down of GPS Selective Availability has allowed large improvements in  GPS 
accuracy and precision (Hulbert &  French 2001, p. 870). Accuracy in this study was 
maintained by establishing minimum GPS settings as detailed in Table 3.2.  Precision was 
further improved by using relative-GPS.  Almost all GPS Rover file observations had a 
matching13 GPS Base file observation. These positions were differentially corrected by post-
processing.  Lack of base station file storage space or high PDOP values prevented a small 
number (< 1%) of Rover file observations from being differentially corrected. Each position 
had an associated probability measure of its precision. The 95% probability precision levels 
were used throughout the study. Table 5.2 indicates the preciseness of the measurements of 
precision.  
Table 5.2 Precision Values 
Differentially corrected 
observation 
Non-differentially corrected 
observation 
Mean = 2.18 m Mean = 10.32 m 
SD = 0.12 m SD = 0.11 m 
 
The positional accuracy of the observations, as distinct from the preciseness of the 
observations, was calculated based on a series of repetitive readings that showed that 20 
observations per feature (PDOP ≤ 6) produced a mean accuracy of 0.09 m. (SD = 0.04 m.) for 
post-processed differentially corrected code-observable observations. 
 
Allocation of track feature associations with soil types and landcover classes was based on the 
polygon in which the track feature centroid was located.. An alternative approach would have 
involved a fuzzy association based on the relative area of polygon features lying within each 
track feature’s precision buffer area.  This approach was not used because of processing 
                                                 
13
 Matching is defined as an observation taken at the same GPS second time from the same constellation of GPS 
satellites. 
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complexity. Measurement of the predictive accuracy of the model also utilised the feature 
precision buffer by scoring the highest priority zone in the buffer area. 
 
5.4.2. Classification Accuracy 
Supervised classification was limited by the RGB bands in the aerial photographs. The 
accuracy of the 61 class Supervised Classification was evaluated with a 50 point Error Matrix 
and the results are shown in Table 5.3 for 6 class groups 
 
Table 5.3. Error Matrix for 61 Class Landcover Classification  
 
The accuracy of the Landcover Supervised Classification after three applications of a 
Majority Filter was tested by a 50-point Error Matrix. The results are shown in Table 5.4. 
 
Table 5.4. Error Matrix for Landcover Classification following Majority Filtering.  
 
Application of a Majority Filter (Spatial Analyst) three times improved the Overall Accuracy  
from 72% to 80% and the Kappa Index from 0.6512 to 0.7569.  Inspection of the Producers 
Accuracy and Users Accuracy before and after three applications of the Majority Filter shows  
the following changes; the Users Accuracy of Class 5 improved from 33% to 100%, the 
Producers and Users Accuracies of Class 4 improved by 20% and 17% respectively, the 
Producers Accuracy of Class 3 improved by 15% and the Users Accuracy of Class 1 
improved by 14%. These improvements were offset by decreases in the Users Accuracy for 
Class 3 by 6% and in the Producers Accuracy for Class 5 by 29%.  
Class  Landcover Reference Totals 
Classified 
Totals 
Number 
Correct 
Producers 
Accuracy 
Users 
Accuracy 
Class 0 Nodata 14 14 14 ------------ ---------- 
Class 1 Clay pan 5 8 5 100.00% 62.50% 
Class 2 Red Soil 10 11 8 80.00% 72.73% 
Class 3 Shrubland 12 8 5 41.67% 62.59% 
Class 4 Shrubland c dwd 8 6 3 37.5% 50% 
Class 5 Thick Vegn. 1 3 1 100.00% 33.33% 
Totals  50 50 36   
Overall Classification Accuracy = 72.00% 
Overall Kappa Statistics = 0.6512 
Class  Landcover Reference Totals 
Classified 
Totals 
Number 
Correct 
Producers 
Accuracy 
Users 
Accuracy 
Class 0 Nodata 12 12 12 --------------- ------------ 
Class 1 Clay pan 7 9 7 100.00% 77.78% 
Class 2 Red Soil 10 11 8 80.00% 72.73% 
Class 3 Shrubland 7 7 4 57.14% 57.14% 
Class 4 Shrubland c dwd 7 6 4 57.14% 66.67% 
Class 5 Thick Vegn. 7 5 5 71.43% 100.00% 
Totals  50 50 40   
Overall Classification Accuracy = 80.00% 
Overall Kappa Statistics = 0.7569 
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The Producers Accuracy and the Users Accuracy for the Red Soil Class was the same before 
and after the filtering although the area classed as Red Soil increased by 550 ha. or 19.3% 
(Table 4.12). The increase in Users Accuracy of the Clay Pan, Shrubland with Dead Wood 
and Thick Vegetation classes indicates that the filtering reduced the erroneous commission of 
pixels to these classes. The increase in Producers Accuracy of the Shrubland and Shrubland 
with Dead Wood Classes indicates filtering reduced the omission of pixels from these classes. 
The reduction in omission of pixels from the Shrubland class was accompanied by an increase 
in the commission of pixels to that class. The large reduction in commission of pixels to the 
Thick Vegetation class (33% to 100%) was accompanied by a modest increase in the 
omission of pixels from that class. 
 
These results may be compared with the accuracies achieved by other investigators in 
classifying their images. MacAlister & Mahaxay  (2009, p. 2134) achieved a 93.3% Overall 
Accuracy in classifying 31 different types of wetland classes from Landsat ETM+ imagery of 
the Mekong River delta. Oindo, Skidmore &  de Salvo (2003, p. 1060) classified the Maasai 
Mara from Landsat imagery with 89% Overall Accuracy and Apan (1997, p. 1044) reported 
94% Overall Accuracy in unsupervised classification of NDVI images of forest on Mindoro 
Island in the Philippines. Peri-urban land in Ansan Korea was classified into nine landcover 
classes with 86% to 93% Overall Accuracy from Landsat Imagery (Chen 2002). 
 
No reported data on the accuracy of classification of aerial photographs were found. The 80% 
Overall Accuracy obtained for the five classes in this study is on the low side of the 
previously reported accuracies. This is attributed to the absence of an IR or NIR band in the 
image. 
 
5.4.3. Model Accuracy. 
Accuracy in the context of cartographic habitat suitability models can be considered to be a 
measure of the degree to which printed or digital media represent the real world. Many 
measurements and judgments used in the modelling potentially contain errors and these 
accumulate to be reflected in the lack of accuracy in the final representation of reality. In the 
bilby habitat suitability model these include errors in GPS recordings, image registration and 
projection, interpretation of predictor variables, modelling relationships and in the accuracy 
measurement itself. 
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The final Weighted Sum computation was performed, firstly on the three test areas from 
which the model values had been derived. These results (Table 5.5) show that the model 
predicted high priority areas for burrow sites and scrape sites with 67% and 84% accuracy 
respectively.  The burrow accuracy result should be viewed with caution as it is based only on 
6 burrow sites. The feed sites accuracy is more reliable as it is based on 76 scrape sites in the 
three test areas. 
 
Table 5.5. Comparison of predicted priority of site with test area record 
Predicted priority of sites Test 
Areas 
Field  
Location High Stdev Medium Stdev Low Stdev Total 
Burrows 1  1  0  2 2 
Scrapes 18  1  0  19 
Burrows 0  1  0  1 4 
Scrapes 28  5  3  36 
Burrows 3  0  0  3 7 
Scrapes 18  1  2  21 
Burrows 4 1.53 2 0.58 0 - 6 Totals 
Scrapes 64 5.77 7 2.31 5 1.53 76 
Burrows 67%  33%  0%  100% Percent 
Scrapes 84%  9%  7%  100% 
 
Secondly, when the model was tested on the five independent validation areas it yielded better 
results as shown in Table 5.6 
Table 5.6. Comparison of predicted priority of site with validation area record 
Predicted priority of sites Validation
Areas 
Field  
Location High Stdev  Medium Stdev  Low Stdev  Total 
Burrows 0  1  0  1 1 
Scrapes 14  0  3  17 
Burrows 0  0  0  0 3 
Scrapes 18  1  1  20 
Burrows 10  0  1  11 5 
Scrapes 6  2  0  8 
Burrows 6  0  1  7 6 
Scrapes 27  6  0  33 
Burrows 0  0  0  0 8 
Scrapes 5  1  3  9 
Burrows 16 4.60 1 0.45 2 0 .55 19 Totals 
Scrapes 70 9.08 10 2.35 7 1.52 87 
Burrows 84%  5%  11%  100% Percent 
Scrapes 80.5%  11.5%  8%  100% 
 
This shows that the model predicted high priority areas for burrow sites and scrape sites with 
84% accuracy (4.9% of the study area) and 80.5% accuracy (30.1% of the study area) 
respectively.  This result, based on 19 burrow sites and 87 scrape sites, is considered 
sufficient to provide a measure of the habitat suitability for both burrowing and feeding 
respectively. It is not a measure of the probability of finding a burrow or scrape at a particular 
location. The latter depend on many other factors such as the density of the animals and the 
prevailing weather conditions.  
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5.5. Conclusion 
This section has discussed key aspects of collecting empirical data on bilby habitat and 
predictor variables, modelling their habitat requirements to predict habitat suitability of new 
areas and comparing these results with other cartographic models. The generalist feeding 
nature of bilbies causes them to leave tracks in many different environments. GPS tracking 
proved to be an effective way of recording bilby activities and obtaining predictor variables in 
the BE. A multi-criteria two layer weighted sum model produced habitat suitability 
predictions with comparable accuracy to other animal habitat models. Larger burrow sample 
size and more empirical tracking data from under represented areas may lead to better model 
performance. 
 
The results confirm many of the findings of the only previous study on bilby habitat at this 
location (Mayhew 2006). Her research used different landcover categories from the landcover 
categories used in this study. A side-by-side comparison of the results is not possible. The 
results of this study provide a detailed measure of the frequency of trackable bilby activities 
on a unit area basis for each classified soil type and landcover class. This should provide a 
comparable basis for comparison for future studies. 
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CHAPTER SIX 
 
SUMMARY AND RECOMMENDATIONS 
6.1. Summary 
This research has established the feasibility of developing a cartographic habitat suitability 
model for a rarely seen, small body-weight, nocturnal marsupial. There are many other 
endangered Australian animals in this category. Modelling their habitats using GIS and 
remotely sensed imagery may be also possible.  
 
The habitat suitability model relies on identifying and extracting predictor variables from 
digital layers based on GPS records and ground truth studies. Landcover and soil type layers 
formed the basis of the model. The use of additional layers would make the model more 
robust. Landcover classes may classify differently depending on the weather conditions 
preceding the date of image capture.  Use of imagery captured after a series of different 
weather events might provide a more stable classification of these classes. 
 
Empirical GPS based data about bilby activities was collected to identify their relationship 
with predictor variables in the soil type and landcover layers. The relative importance of the 
soil and landcover layers was tested by sensitivity analyses. Although the habitat exists in a 
continuum of suitability’s for burrowing and feeding, discrete break values were selected to 
rank areas as high, medium or low in suitability. The break values were based on the inclusion 
of the largest number of features in the high priority category for the smallest total amount of 
included area. 
 
Validation with independent empirical data showed the model predicted high priority burrow 
sites with 84% accuracy and high priority feed sites with 80.5% accuracy.  These results are 
comparable to the results for multi-criteria evaluation cartographic modelling of small animal 
habitats obtained by other researchers. When combined into an overall habitat suitability 
assessment, the data showed that 140 ha or 5% of the enclosure was high priority bilby habitat 
and that this was distributed widely throughout the enclosure. This was considered 
verification of the suitability of the original selection of the area for the BE. 
 
The soil type and landcover class weights in the model provide a quantitative estimate of the  
importance of these features in the habitat for the bilbies survival. Landcover factors were 
twice as important as soil factors overall. Burrow class weights for soil types indicate the 
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bilbies preferred Acidic Rudosol soils twice as much as Salic Rudosol soils in which to dig 
their burrows. The burrow class weights for landcover show that bilbies preferred to burrow 
in Shrubland with Dead Wood present more than in any other category of landcover. Bilbies 
found most food in Acidic Rudosol and Salic Rudosol soils, lesser amounts in Basic Rudosol 
soils and none in Hydrosols. More food was found in Shrubland landcover areas although 
they found some food in all landcover classes except clay pans. This was consistent with them 
being both dietary opportunists and generalists. 
 
This type of model can be used to help conserve the species by evaluating the extent and 
quality of the habitat in the BE, assess the amount of habitat suitable for bilbies in the 
enclosure and gauge the extent of exploitation of that habitat by the resident bilbies. Outside 
the BE, the model can be used to evaluate the relative amount of suitable habitats in new 
potential release sites subject to the availability of suitable imagery and soil information. It 
can also be used to evaluate the environmental impact of agricultural and development 
activities on potential bilby habitats. 
 
6.2. Recommendations 
The bilby habitat suitability model could be improved by increasing landcover discrimination, 
improving the accuracy of the soils mapping and possibly by including a measure of 
vegetation complexity.  Landcover classification in this study was a simple training site based 
maximum likelihood classification using the only three available spectral bands, RGB.  
Imagery with more spectral resolution including a NIR band and/or an IR band should yield a 
better discrimination of landcover classes. In particular, it is desirable to distinguish between 
Black Box, Mulga and thick Shrubland. Such imagery would allow testing the use of a NDVI 
type image for landcover classification. 
 
Ground truth studies revealed different levels of complexity in the Shrubland Zone. While 
these could be classified into two classes based on the RGB aerial photograph bands, an 
improved measure of habitat complexity might assist in defining bilby habitat more precisely 
in this area. Coops &  Catling’s (1997) Modified Local Variance Habitat Complexity method 
should be tested for this purpose. It is reported to work best on images with a NIR or IR band.  
 
There are numerous opportunities for improving the soil mapping. The first and easiest to 
implement would be to obtain matching soil density readings for each of the current soil test 
sites. A second improvement would be to perform soil tests near more bilby burrows to get a 
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statistically reliable sample of bilby burrow type soils. The third would be to resolve the 
contour and elevation level anomalies generated from the Cooper Basin DEM as reported in 
Section 5.1.2. This would allow mapping of soil types based on comparison with contours and 
aspect. A final improvement in the soil mapping would be to use a Tasselled Cap or Principal 
Component Transformation on a four-band image. Classification of the “brightness” image 
should reveal changes in soil background reflectance. This might highlight secondary dunes 
adjoining clay pans and areas containing calcrete. 
 
Two additional parameters from this approach could be useful. Classification of the 
“greenness” index could be tested against classification based on the NDVI index to test 
which procedure generated the clearest discrimination relative to bilby habitat predictors. 
Classification of the “yellowness” index could be tested as a measure of the complexity of the 
habitat and compared to the variance-based test for habitat complexity.  
 
Finally, the model would benefit from validation testing in Mulga Lands Bioregion areas 
outside the BE. The absence of bilbies from “outside areas” need not prevent such testing if 
the test areas were ground truthed for bilby habitat predictor variables. The availability of 
suitable locations would depend on the availability of suitable imagery as discussed earlier in 
this section. 
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APPENDIX III 
 
Bilby Activity GPS Data Dictionary 
 
Scrapes Point Feature, Label 1 = Presence, Label 2 = Time observed 
Presence Menu, Required, Normal 
Yes 
No Default 
Photo No. Numeric, Decimal Places = 0 
Minimum = 1, Maximum = 500, Default Value = 1, Step Value = 1 
Normal, Normal 
Photo File File Name, Normal, Normal 
Density Menu, Normal, Normal 
Numerous 
Sparse 
Depth (mm) Menu, Normal, Normal 
<100 mm 
>100mm 
-------------------- Separator 
Auto generated Separator 
-------------------- Separator 
Time observed Time, Auto generate Create, 24 Hour Format 
Required, Normal 
Date observed Date, Auto generate Create, Day-Month-Year Format 
Required, Normal 
 
 
Scats Point Feature, Label 1 = Presence, Label 2 = Time observed 
Presence Menu, Required, Normal 
Yes 
No Default 
Photo No. Numeric, Decimal Places = 0 
Minimum = 1, Maximum = 500, Default Value = 1, Step Value = 1 
Normal, Normal 
Photo File File Name, Normal, Normal 
Density Menu, Normal, Normal 
Numerous 
Sparse 
Size Menu, Normal, Normal 
Large 
Medium Default 
Small 
Age (colour) Menu, Normal, Normal 
Fresh (dk) 
Middle 
Old (lt grey) Default 
-------------------- Separator 
Auto generated Separator 
-------------------- Separator 
Time observed Time, Auto generate Create, 24 Hour Format 
Required, Normal 
Date observed Date, Auto generate Create, Day-Month-Year Format 
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Required, Normal 
 
 
Foot Prints Point Feature, Label 1 = Evident, Label 2 = Time observed 
Soil Surface Menu, Required, Normal 
Soft 
Hard Default 
Evident Menu, Required, Normal 
Yes 
No Default 
Photo No. Numeric, Decimal Places = 0 
Minimum = 1, Maximum = 500, Default Value = 1, Step Value = 1 
Normal, Normal 
Photo File File Name, Normal, Normal 
Density Menu, Normal, Normal 
Numerous 
Sparse 
-------------------- Separator 
Auto generated Separator 
-------------------- Separator 
Time observed Time, Auto generate Create, 24 Hour Format 
Required, Normal 
Date observed Date, Auto generate Create, Day-Month-Year Format 
Required, Normal 
 
 
Burrows Point Feature, Label 1 = Presence, Label 2 = Time observed 
Presence Menu, Required, Normal 
Yes 
No Default 
Predominant Spp Menu, Required, Normal 
None (open area) 
Eremophila Spp Default 
Melaleuca Spp 
Acacia Spp 
Dodonea Spp 
Other Spp 
Photo No. Numeric, Decimal Places = 0 
Minimum = 1, Maximum = 500, Default Value = 1, Step Value = 1 
Normal, Normal 
Photo File File Name, Normal, Normal 
Soil Colour Menu, Required, Normal 
Yellow 
Yellowish red 
Reddish Brown Default 
Brown 
Yellowish Brown 
Dk Brown 
Aggregates, calcrete Menu, Required, Normal 
Present 
Not Present Default 
Micro Locn Menu, Required, Normal 
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Entr Under Tree/Shb? 
Entr nr Logs/Stump? Default 
Entr in Open? 
M densi in 50m? Menu, Normal, Normal 
Yes 
No Default 
-------------------- Separator 
Auto generated Separator 
-------------------- Separator 
Time observed Time, Auto generate Create, 24 Hour Format 
Required, Normal 
Date observed Date, Auto generate Create, Day-Month-Year Format 
Required, Normal 
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APPENDIX IV 
 
Soils GPS Data Dictionary. 
 
Clay pan Point Feature, 
Label 1 = pH 0 -100, Label 2 = Soil Sample No 
Soil Sample No Numeric, Decimal Places = 0 
Minimum = 1, Maximum = 100, Default Value = 1, Step Value = 1 
Required, Required 
Photo No. Numeric, Decimal Places = 0 
Minimum = 1, Maximum = 200, Default Value = 1, Step Value = 1 
Normal, Normal 
Photo File File Name, Normal, Normal 
-------------------- Separator 
pH 0 -100 Menu, Required, Normal 
<4 
4-5 
5-6 
6-7 Default 
7-8 
8-9 
>9 
pH 100 -200 Menu, Required, Normal 
<4 
4-5 
5-6 
6-7 Default 
7-8 
8-9 
>9 
pH 200 -300 Menu, Required, Normal 
<4 
4-5 
5-6 
6-7 Default 
7-8 
8-9 
>9 
pH 300 -400 Menu, Required, Normal 
<4 
4-5 
5-6 
6-7 Default 
7-8 
8-9 
>9 
pH 400 -500 Menu, Required, Normal 
<4 
4-5 
5-6 
6-7 Default 
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7-8 
8-9 
>9 
pH 500 -600 Menu, Required, Normal 
<4 
4-5 
5-6 
6-7 Default 
7-8 
8-9 
>9 
pH 600 -700 Menu, Required, Normal 
<4 
4-5 
5-6 
6-7 Default 
7-8 
8-9 
>9 
-------------------- Separator 
Cond 0-100 Menu, Normal, Normal 
<100 uS Default 
100-300 uS 
300-600 uS 
600-900 uS 
900-1200 uS 
>1200 uS 
Cond 100-200 Menu, Normal, Normal 
<100 Default 
100-300 
300-600 
600-900 
900-1200 
>1200 
Cond 200-300 Menu, Normal, Normal 
<100 Default 
100-300 
300-600 
600-900 
900-1200 
>1200 
Cond 300-400 Menu, Normal, Normal 
<100 Default 
100-300 
300-600 
600-900 
900-1200 
>1200 
Cond 400-500 Menu, Normal, Normal 
<100 Default 
100-300 
300-600 
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600-900 
900-1200 
>1200 
Cond 500-600 Menu, Normal, Normal 
<100 Default 
100-300 
300-600 
600-900 
900-1200 
>1200 
Cond 600-700 Menu, Normal, Normal 
<100 Default 
100-300 
300-600 
600-900 
900-1200 
>1200 
-------------------- Separator 
Texture Surface Menu, Normal, Normal, MacDonald 
Silt 
Silty loam 
Loam Default 
Clay loam 
Clay 
Texture Subsoil Menu, Normal, Normal, MacDonald 
Silt 
Silty loam 
Loam Default 
Clay loam 
Clay 
Colour Surface Menu, Normal, Normal, MacDonald 
Yellow 
Yellowish red 
Redish brown Default 
Brown 
Yellowish brown 
Dark brown 
Colour Subsurface Menu, Normal, Normal, MacDonald 
Yellow 
Yellowish red 
Redish brown Default 
Brown 
Yellowish brown 
Dark brown 
Roots Subsurface Menu, Normal, Normal, MacDonald 
Yes 
No Default 
Roots Subsurface Menu, Normal, Normal, MacDonald 
Yes 
No Default 
This pattern was repeated for the other Vegetation Zone soils of Black Box, Clear Zone, 
Shrubland Zone  and Mulga Zone. 
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APPENDIX V 
 
 Location of Soil Sample Sites 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UTM Zone 55 S Soil Sample 
No. Easting Northing 
Elevation (m) 
1 245018.158 6800409.015 126 
2 245112.381 6800356.962 128 
3 245098.993 6800375.292 128 
4 245190.280 6800263.767 129 
5 242179.750 6798778.786 125 
6 241942.899 6798854.323 126 
7 242021.674 6798818.358 125 
8 242168.647 6798727.675 126 
9 242243.104 6798607.052 128 
10 245566.186 6802381.190 128 
11 245478.261 6802424.559 129 
12 245436.717 6802543.406 129 
13 245365.858 6802612.223 131 
14 244291.014 6803232.703 130 
15 244298.900 6803317.885 129 
16 244288.903 6803359.224 128 
17 244291.875 6803415.982 127 
18 245662.930 6802575.138 129 
19 245624.071 6802596.010 129 
20 245570.456 6802693.375 129 
21 245704.653 6802573.401 127 
22 243008.368 6802533.599 133 
23 242953.057 6802584.066 131 
24 243097.130 6802614.448 132 
25 243145.273 6802486.599 132 
26 241145.884 6802805.311 127 
27 241097.090 6802732.433 126 
28 241125.573 6802885.503 129 
29 240986.174 6803071.109 128 
30 241559.035 6800242.048 125 
31 241559.855 6800205.475 125 
32 241601.650 6800077.479 126 
33 241593.283 6800152.353 123 
34 244093.919 6802282.439 127 
35 245510.774 6800257.049 127 
36 244244.886 6801809.605 124 
37 244342.177 6802290.736 128 
38 241640.066 6800147.834 123 
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APPENDIX  VI    Soil Sample Test Results   
Field pH at depth (mm) Electrical Conductivity (µS) at depth (mm) Vegn. Zone Samp No. 
   0 - 100 100-200  200-300 300-400  400-500  500-600 600-700 0-100  100-200  200-300  300-400  400-500  500-600  600-700  
Acacia 14 6-7 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Acacia 22 5-6 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Acacia 24 5-6 5-6 5-6 5-6 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Acacia 25 6-7 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Acacia 34 5-6 5-6 5-6 5-6 5-6 5-6 5-6 <100 <100 <100 <100 <100 <100 <100 
Acacia 37 <5 <5 <5 <5 <5 <5 <5 <100 <100 <100 <100 <100 <100 <100 
Shrubland 4 6-7 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 9 5-6 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 12 6-7 6-7 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 13 5-6 5-6 5-6 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 19 5-6 5-6 5-6 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 20 5-6 6-7 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 23 5-6 6-7 6-7 6-7 7-8 7-8 7-8 <100 <100 <100 <100 <100 <100 <100 
Shrubland 36 5-6 5-6 6-7 6-7 6-7 7-8 7-8 <100 <100 <100 <100 <100 <100 <100 
Shrubland 28 6-7 6-7 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 32 5-6 5-6 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Shrubland 26 6-7 6-7 7-8 7-8 >9 >9 >9 <100 <100 <100 100-300 300-600 300-600 600-900 
Shrubland 38 >9 >9 >9 >9 >9 >9 >9 <100 <100 100-300 300-600 600-900 900-1200 600-900 
Shrubland 29 6-7 6-7 8-9 >9 >9 >9 >9 <100 <100 300-600 600-900 900-1200 900-1200 1200-2500 
Shrubland 35 8-9 8-9 8-9 8-9 8-9 8-9 8-9 <100 <100 300-600 300-600 600-900 900-1200 900-1200 
Shrubland 15 6-7 6-7 7-8 8-9 >9 >9 >9 <100 100-300 1200-2500 1200-2500 600-900 600-900 600-900 
Fring veg 3 6-7 8-9 8-9 7-8 7-8 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Fring veg 6 6-7 6-7 6-7 7-8 7-8 7-8 7-8 <100 <100 <100 <100 <100 <100 <100 
Fring veg 18 6-7 6-7 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Fring veg 16 6-7 6-7 6-7 6-7 6-7 6-7 6-7 <100 <100 <100 <100 <100 <100 <100 
Fring veg 2 6-7 6-7 6-7 7-8 7-8 8-9 >9 <100 <100 <100 100-300 100-300 300-600 600-900 
Fring veg 5 6-7 7-8 8-9 >9 >9 >9 >9 <100 100-300 300-600 900-1200 1200-2500 >2500 >2500 
Fring veg 8 6-7 6-7 6-7 7-8 8-9 >9 >9 <100 100-300 1200-2500 >2500 >2500 >2500 >2500 
Fring veg 31 7-8 6-7 7-8 7-8 7-8 6-7 7-8 <100 <100 100-300 300-600 300-600 600-900 600-900 
Fring veg 11 7-8 7-8 >9 >9 >9 >9 >9 <100 100-300 300-600 600-900 300-600 600-900 600-900 
Clear 33 >9 >9 >9 >9 >9 6-7 >9 <100 <100 300-600 300-600 900-1200 900-1200 1200-2500 
Clay pan 10 7-8 8-9 >9 >9 >9 >9 >9 <100 <100 <100 <100 <100 <100 <100 
Clay pan 7 6-7 7-8 7-8 8-9 >9 >9 >9 100-300 300-600 100-300 600-900 600-900 900-1200 1200-2500 
Clay pan 1 8-9 8-9 8-9 8-9 >9 >9 >9 300-600 600-900 >1200 >1200 >1200 >1200 >1200 
Clay pan 17 6-7 8-9 >9 >9 >9 >9 >9 300-600 1200-2500 1200-2500 1200-2500 >2500 1200-2500 1200-2500 
Clay pan 21 6-7 7-8 >9 >9 >9 >9 >9 300-600  1200-2500 1200-2500 >2500 1200-2500 1200-2500 1200-2500 
Clay pan 27 7-8 7-8 6-7 6-7 8-9 >9 >9 300-600 300-600 600-900 1200-2500 900-1200 900-1200 1200-2500 
Clay pan 30 6-7 6-7 7-8 8-9 >9 >9 >9 >2500  >2500 >2500 >2500 >2500 >2500 >2500 
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Soil Sample Test Results (continued) 
Vegetation Vegn. 
Zone 
Samp 
No. 
Texture 
_Sfc 
Texture_
Sub Colour_Suf Colour_Sub 
Roots
_Sfc 
Roots
_Sub Veg_U_ 
spp 
Veg_
U_% 
Veg_M_ 
spp 
Veg_M
_% 
Veg_L_ 
spp 
Veg_L
_% 
Calc
_Sfc 
Calc_
Sub Struct Strngth 
Acacia 14 Fine sand Fine sand Red brown Red brown No  Acacia 5 Erem/Dod 20 Chen/Forb 10 No No none medium 
Acacia 22 Fine sand Fine sand Red brown Red brown No  Acacia 80 none 0 Grass 1 No No none none 
Acacia 24 Silt Silt Red brown Red brown No  none 0 none 0 none 0 No No none none 
Acacia 25 Fine sand Fine sand Red brown Red brown No  Acacia 80 none 0 none 0 No No none none 
Acacia 34 Fine sand Fine sand Red brown Red brown Yes  Acacia 10 Erem/Dod 10 none 0 No No none strong 
Acacia 37 Clay loam Clay loam Red Red No  Acacia 10 Eremophila 20 Grass 2 No No none none 
Shrubland 4 Silty loam Silty loam Red brown Red brown No No Acacia 1 Eremophila 25 Chenop 2 No No none none 
Shrubland 9 Fine sand Fine sand Red brown Red brown No  Eucalypt 1 Erem/Dod 20 Chenop 20 No No none weak 
Shrubland 12 Fine sand Fine sand Red brown Red brown No  Acacia 1 Erem/Dod 35 Chen/Forb 5 No No none none 
Shrubland 13 Fine sand Silt Red brown Red brown No  Acacia 1 Erem/Dod 25 Chen/Forb 2 No No none weak 
Shrubland 19 Fine sand Fine sand Red brown Red brown No  none 0 Erem/Dod 2 Chenopod 5 No No none none 
Shrubland 20 Fine sand Fine sand Red brown Red brown No  Acacia 1 Erem/Dod 12 Grass 5 No No none none 
Shrubland 23 Fine sand Loam Red brown Red brown No  none 0 Eremophila 10 Chen/Forb 10 No No none medium 
Shrubland 36 Silty loam Silty loam Red Red No  Acacia 1 Eremophila 20 Grass 5 No No none weak 
Shrubland 28 Fine sand Fine sand Red brown Red brown No  none 0 Erem/Dod 20 Chen/Forb 5 No No none none 
Shrubland 32 Fine sand Fine sand Red brown Red brown No  none 0 Erem/Dod 6 Grass 3 No No none none 
Shrubland 26 Fine sand Silt Red brown Yellow brown No  none 0 Erem/Dod 12 Chen/Forb 4 No No Yes none 
Shrubland 38 Clay loam Clay loam Light brown Light brown No  none 0 none 25 Chenopod 5 Yes Yes none none 
Shrubland 29 Fine sand Fine sand Red brown Red brown No  none 0 Eremophila 30 Chen/Forb 10 No No none none 
Shrubland 35 Clayey silt Clayey silt Yellow brown Yellow brown Yes  Melaleuca 10 Eremophila 25 Chenopod 40 Yes Yes none weak 
Shrubland 15 Silt Silt Red brown Red brown No  none 0 Erem/Dod 10 Chen/Forb 10 No Yes Yes none 
Fring veg 3 Silt Silt Yellow brown Yellow brown Yes Yes Eucalypt 15 Eremophila 2 Chenopod 2 No No none weak 
Fring veg 6 Fine sand Fine sand Yellow red Yellow red No  Acacia 10 Erem/Dod 5 Chen/Forb 5 No No none none 
Fring veg 18 Fine sand Fine sand Red brown Red brown No  Eucalupt 30 Erem/Dod 2 Emu bush 5 No No none none 
Fring veg 16 Loam Loam Red brown Red brown No  Eucalypt 25 Erem/Hakea 20 Chen/Forb 20 No No none none 
Fring veg 2 Silty loam Clay loam Red brown Yellow red No No Eucalypt 10 Erem/Dod 5 Chen/Forb 4 No No none none 
Fring veg 5 Loam Clay Brown Brown No  Eucalupt 40 none 0 Chenopod 5 No Yes Yes none 
Fring veg 8 Fine sand Clay loam Yellow brown Brown No  none 0 Eucalypt 1 Chenopod 2 No Yes Yes none 
Fring veg 31 Loam Clay loam Red brown Dark brown No  Eucalypt 10 Eremophila 5 Chenopod 5 No No none none 
Fring veg 11 Silty loam Silty loam Brown Yellow brown No  Eucalypt 20 Erem/Dod 7 Chen/Forb 1 No Yes none none 
Clear 33 Loam Loam Red brown Yellow brown No  none 0 Erem/Dod 4 Chen/Forb 2 Yes Yes none none 
Clay pan 10 Clay loam Clay loam Dark brown Dark brown No  Eucalypt 1 none 0 Grass 90 No No none none 
Clay pan 7 Clay loam Clay Dark brown Dark brown No  none 0 none 0 none 0 No No Yes medium 
Clay pan 1 Clay Clay Brown Yellow brown No No none 0 none 0 none 0 No No Yes strong 
Clay pan 17 Clay loam Clay loam Dark brown Dark brown No  none 0 none 0 Grass 1 No Yes Yes none 
Clay pan 21 Clay loam Clay Yellow red Yellow brown No  none 0 none 0 Grass 10 No Yes Yes none 
Clay pan 27 Silt clay Clay loam Dark brown Yellow brown No  none 0 none 0 Chen/Forb 1 No No Yes None 
Clay pan 30 Clay loam Clay Yellow brown Dark brown No  none 0 none 0 none 0 No No Yes none 
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APPENDIX VII.  Test Area 2 Track Features 
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APPENDIX VIII.  Test Area 4 Track Features 
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APPENDIX IX. Test Area 7 Track Features 
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APPENDIX X 
 
Classification accuracy assessment report 
 
  ----------------------------------------- 
Image File : h:/be ap 03 class 260109/160209 files/maj3_be_supv61.img 
User Name  : w0039152 
Date       : Mon Feb 16 23:16:13 2009 
 
ERROR MATRIX 
------------- 
    Reference Data 
    -------------- 
Classified Data Background    Class 1    Class 2    Class 3  
--------------- ---------- ---------- ---------- ----------  
     Background         12          0          0          0  
        Class 1          0          7          1          1  
        Class 2          0          0          8          1  
        Class 3          0          0          0          4  
        Class 4          0          0          1          1  
        Class 5          0          0          0          0  
 
Column Total         12          7         10          7  
 
    Reference Data 
    -------------- 
Classified Data    Class 4    Class 5  Row Total 
--------------- ---------- ---------- ----------  
     Background          0          0         12 
        Class 1          0          0          9 
        Class 2          1          1         11 
        Class 3          2          1          7 
        Class 4          4          0          6 
        Class 5          0          5          5 
 
Column Total          7          7         50 
 
  ----- End of Error Matrix ----- 
 
ACCURACY TOTALS 
---------------- 
 
          Class  Reference Classified Number Producers Users 
           Name     Totals     Totals Correct  Accuracy Accuracy 
     ---------- ---------- ---------- ------- --------- ----- 
        Class 0         12         12     12       ---   --- 
        Class 1          7          9      7    100.00%  77.78% 
        Class 2         10         11      8     80.00%  72.73% 
        Class 3          7          7      4     57.14%  57.14% 
        Class 4          7          6      4     57.14%  66.67% 
        Class 5          7          5      5     71.43% 100.00% 
 
         Totals         50         50     40 
 
Overall Classification Accuracy =     80.00% 
 
  ----- End of Accuracy Totals ----- 
 
KAPPA (K^) STATISTICS 
--------------------- 
Overall Kappa Statistics = 0.7569 
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Conditional Kappa for each Category. 
------------------------------------ 
 
                                              Class Name           Kappa 
                                              ----------           ----- 
                                                 Class 0          1.0000 
                                                 Class 1          0.7416 
                                                 Class 2          0.6591 
                                                 Class 3          0.5017 
                                                 Class 4          0.6124 
                                                 Class 5          1.0000 
 
  ----- End of Kappa Statistics ----- 
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